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ABSTRACT 

This study was undertaken to investigate new 
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preliminary study was made of current costs of producing graduates in 
different disciplines broken down by major items of expenditure 
(capital and maintenance costs, salaries, administrative costs, 
etc.). Then, alternative models were constructed corresponding to 
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future enrollment policy for new course combinations, staff/student 
ratios, use of buildings, building costs economics, etc. Data were 
collected to assess the variation of costs per unit in relation to 
increased enrollments, and conclusions were tested. Part 1 looks at 
the nature of university costs from an economises view. Part 2 
treats cost as an allocation of past expenditures. Part 3 describes a 
method of building academic staff requirements for a course on the 
basis of the amount of teaching involved. Part 4 studies the 
utilization of teaching accommoda lions. Part 5 is concerned with 
factors affecting the demand for technical staff. Part 6 examines 
cost in relation to specific academic development proposals. 
Reproduction of text on several pages of this study may be of poor 
quality as the original is marginal in legibility. (J5) 
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FOREWORD 



The research work ah the University of Bradford forms one part of 
the Centre for Educational Research and Innovation’s Programme in 
Institutional Management in Higher Education, Other uni versities 
participating in this project are Chalmers University of Technology, 
Gothenburg, Sweden 5 the Catholic University of Nijmegen, Netherlands j 
the University of Lancaster, U.K.j the Technical University of Denmark 
at Lyngbyj Universlte de Paris-Ouest, Nanterre, France? the Free 
University of Berlin, West Germany? and the University of Novi Sad, 
Yugoslavia, 

The terms of reference of the Bradford project are as follows: 
’’ Study of potential economies per student year . 

The study shall comprise: 

(i) a preliminary study of the current costs of producing 
graduates in different disciplines broken down by major 
items of expenditure (capital and maintenance costs, 
salaries, administrative costs, etc,)? 

(ii) the construction of alternative models corresponding to 
different sets of assumptions regarding the University’ s 
future enrolment policy for new course combinations, 
staff/student ratios, use of the building, building cost 
economies, etc,? 

the collection of data in order to assess the variation 
of costs per unit in relation to increased enrolments j 

the pilot testing of conclusions emerging from the 
research work referred in sub-paragraphs (i) , (ii) and (iii) 
above,” 

The work is directed towards identifying potential economies 
in the teaching of students under alternative sets of assumptions, 
in order that action may be taken by national educational authorities , 
and by universities themselves, to secure a more economic use of 
resources in the higher education sector. 

The Bradford project has confined itself to collecting data from 
within the University of Bradford? its results consequently relate to 
economies that might be- realised in that university. The methods 
used, however, .arei of wider applicability, and the object of the 
research work has been as much to develop methods of identifying 
economies and allocating resources, as to produce specific results 
in the University of Bradford, 



(ill) 

(iv) 
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Th© -timing of "the project has coincided with the preliminary 
c to gee of the University' s planning for the quinquennium 1972-77. This 
had the advantage that the university as a whole was considering its 
future plans and it was realistic to talk in terms of changes to the 
present pattern of activities. On the other hand it had tho dis- 
advantage that the research team was still investigating new 
techniques of costing and resource allocation at tho some time that 
the university might wish to apply them. We have as far as possible 
used specific academic development proposals made within the 
university as data for our study, but we have also found it necessary 
to postulate changes ourselves in order to search for potenti al 
economies. 

During the course of our research, tho University received from 
tho U.K. "Jniversity Grants Committee pr olirninary guidance on the 
formulation of their quinquennial estimates, including a provisional 
figure for the total student population of the university at the end 
of the quinquennium, and a statement of suggested building priorities 
up to 197/, .-7 5- We have borne these constraints in mind, but have not 
limited oir "alternative assumptions" to those within tho bounds of 
the so constraints. 

Nevertheless, the general discussion of potential economies in 
this report takes place against the background of these national con- 
straints, notably that there will be a substantial increase in the 
number of students over the next quinquennium, and that the govern- 
ment is soaking + o obtain this expansion without a pro rata increase 
in cost, whilst expecting universities to maintain the quality of 
their output, 

Part 1 of the report looks generally at tho nature of university 
costs from an economist's viewpoint. In particular the concept of 
cost as an intrinsic attribute of a particular output is rejected. A 
distinction is made between cost at tho point of decision-making 'when 
it is avoidable) , and cost as an allocation of past expenditure (when 
It ip sunk) • The need to define cost in terms of the particular 
problem in hand is considered. Financial and economic (social 
opportunity) costs are distinguished. Some general problems of 
pricing factors of production are considered. 

In Part .2 cost is treated as an allocation of past expenditures, 
Tho concept of output budgeting within an Individual institution is 
introduced and the problems of allocating joint-costs discussed. A 
method of calculating unit costs of undergraduate courses is described 
and: assessed, 1 The unit and total costs of undergraduate courses in 
1969/70 are presented and analysed by items of expenditure . These 
figures include only costs strictly attributable to the courses in 
question 5 co\ ts attributable to other outputs (such as that part of 
the tine of staff which is spent on research) are excluded. 



Fort 3 of oho report describes a method of building up the- academic 
staff requirements for a course on the basis of the amount of teaching 
involved in it , A number of courses are analysed in terms of the amount 
of each type of teaching (lecture* class* tutorial* laboratory session, 
etc.) given and the standard group sizes used. From this can be cal- 
culated the number of teaching meetings of different types and sizes 
that must be provided* and consequently the number of academic staff 
and teaching rooms required. This is used to calculate cost per 
student * and the affects on cost of changing the level of enrolment, 
the structure of the course (the total number of contact hours, the 
number of optional subjects* the size of teaching groups, and tho 
relative numbers of lectures, tutorials, etc,)* and the teaching load 
of staff* is observed. The policy implications of the relative sizes 
of economica obtainable by varying those parameters are considered. 

In Part 4 the utilisation of teaching accommodation is studied. 

The existing level of utilisation is analysed by type and size of room. 
The effect on room utilisation of expansion of student numbers is 
investigated, and tho points at which particular types or sizes of room 
cease to be available are identified. The effect on costs of increas- 
ing the degree of utilisation, and of oxtending the period over which 
buildings are used (longer days, weeks and academic years) are investi- 
gated and compaied with the alternative of providing now buildings. 
Possible economies in the provision of new buildings aro considered. 

Part 5 is concerned with a third major item of expense after 
teaching and space costs — the factors affecting the demand for technical 
staff. In particular tho absence of any relation between the numbers of 
technical staff and the number of students is noted, and an alternative 
relationship to laboratory area is postulated. 

In Part 6 cost is studied in relation to specific academic 
development proposals. The concepts of marginal and incremental costs 
are defined and the reasons for expecting them to differ from existing 
average costs are diseussodj those include economies of scale, the re- 
allocation of resources between outputs* and the bringing ir to use of 
under-utilised resources. A method of calculating tho incremental cost 
of specific academic proposals is described, and some actual proposals 
for now courses and for expanding existing courses during the 1972-77 
quinquennium are costed on tho basis of professors' estimates of 
resource requirements. In the light of the findings of Parts 3* 4 and 
5 , certain economies in resource requirements are postulated in this 
section, alternative costings aro produced, and some policy implica- 
tions deduced. Incremental costs of expansion are compared with exist- 
ing unit costs, and comparisons are made between different development 
proposals , 
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Part 7 deals with the role of computerised models in university 
The scope of existing models is surveyed and two models 
designed for use at Bradford are described. Those computer programs 
accept as data a number of planning . norma , such -as staff s student ratios , 
technical staff ratios, accommodation limits, etc*, and enable those 
parameters to bo varied*. Details of courses are fed into the program 
which calculates the necessary, resource requirements either over a 
single year, or over a five year period, relating these to the level 
of the recurrent grants* The effects on resource requirements cf 
altering various norms are analysed and their policy implications 



Part 8 investigates existing courses in an attempt to discover 
whether economies of seal© already exist in practice* IlhcLsting elements 
of cost ere correlated with course size and a significant degree of 
correlation of staff cost with size of course is found, providing use- 
ful independent evidence of the, economies propounded in Chapter 5» 

Xn Port 9 the major potential economies identified in the report 
. are summarised, and the manner in which those might bo implemented is 
discussed* Certain key areas for further investigation are suggested* 












±v. 
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“Working Papers 



During the course of the project, the following papers, prepared 
by members at the University of Bradford, have been issued by the 
Centre for Educational Research and Innovations 

GEM/ 111/ 70*05 s J *A . Bottoroley s "The Installation of Output 
Budgeting or Planning— Programming— Budgeting 
Systems at the University of Bradford", June 1970. 

GERI/IM/70.09 i J.E. Dunworth s "Cost-Effectiveness at the 
University of Bradford", June 1970, 

CiilU/ XM/70 *2.7 i J Dunworth ; iiJfjTecbxveriOss in Higher* 

Education", October 1970, 

CERX/ IM/ 70 , 34- s M. Pickford s '‘Cost-Effectiveness at the University 
of Bradford - Interim Report on the Costing of 
Proposals for the Expansion of Student Numbers", 

. . December, 1970, 

CERT/IM/70* 35 • R.K. Khanna : "Model for a Cost Analysis of 
Undergraduate Education", December, 1970. 

GERI, D4/71 *03 • J.A. Bottoroley % "Potential Clients for Studies in 
University Cost-Effectiveness", January, 1971 . 

CERI/IM/71 ,08 i R. Dasey : "Expansion of Student Numbers in Specific 
Courses i The Effects on Staff Hours Required and 
Course Structure at the University of Bradford", 

^ z , , January, 1971. 

CERI/IM/ 71 .10 i J.E, Dunworth ; "Statement of Objectives and Method 
of Approach " t April, 1971. 

CERI/IM/71 ,11 i M, Pickford s "Interim Report on the Costing of 
Proposals for Expansion of Student Numbers", 

, . February, 1971. (with Annex. ) . 

CERI/IM/71 .12 : M. Pickford : "Marginal Costs, Step— Functions of 

Expansion, and Economies of Seal© in the University - 
, A Preliminary Survey" , April , 1 971 , 

CERI/IM/71 .13 i J.E. Dunworth i "Some Implications of Reducing the 
Staff i Student Ratio", March, 1971. 

CESI/IM/71 .14 • R.E. Cooley ; "Progress Report", April, 1971. 

GUH/XM /71 * 1 5 1 R.K. Khanna 1 "Total Cost per Student Year by Course, 
University of Bradford, 1969-70", February, 1971, 

CERI/IM/71 .16 s C.A. Barton : "Progress Report", April, 1971, 
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PART 1 



INTRODUCTION 
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CHAPTER 1 



THE NATURE OF UNIVERSITY COSTS 



In this chapter we discuss the uses to which student cost figures may he 
put, distinguishing what we call "accounting" purposes from "planning" purposes, 

He then consider three alternative definitions of cost, "financial", "economic", 
and 11 opportunity" costs, and see how these differ. 

Before making any attempt to measure university costs, either as they are 
or as they might be in alternative situations, it is essential to be clear exactly 
what is meant by the term "cost". It is a word which has so many meanings to the 
layman as well as to the economist or accountant, that its use can be highly mis- 
leading if not carefully defined* It is tempting to suppose that there exists a 
single definition of cost that could be applied in all circumstances. Such a defi- 
nition would be of much value in comparing different situations with the present, 
and in assessing alternative possible lines of action* 

However, far from there being a single definitive concept of cost, there 
are a number of concepts each equally valid in its own particular context* This 
means that before attempting to define cost one must define the purpose for which 
the concept is to be used. This involves a number of major problems — cost of 
what? cost to whom? cost when? The cost "per student" for instance will differ 
according to whether one allocates the whole expense of university activity to 
teaching students, or whether one extracts costs attributable to other activities 
such as the personal research of members of staff* The cost to the student is very 
different from the cost to the U,K, University Grants Committee (U,G*C* ) , which in 
turn is different from the cost to the public sector as a whole, and from the cost 
to the national economy* The current cost is different from the total cost (in- 
cluding capital expenditures of previous years) , and the average cost obtained by 
spreading past outlays over existing students is different from the marginal cost 
that would have been incurred if one extra student had been enrolled. It is the 
purpose of this chapter to consider these basic problems of the nature of "cost" , 
and in so doing it will become clear that "cost" is not an intrinsic attribute 
of a product in the same sense as "weight" or "colour". 

The Uses of Costs 



The most critical question to be answered is the purpose for which the 
cost figures are required. On first sight it might appear disreputable to adjust 
the definition of cost in the light of the purpose to which the figures will be 
put, but this is not so, for in fact two very different concepts of cost are required 
for two distinct purposes* The uses of cost figures are, very broadly, twofold - 
"accounting" uses, and "planning" uses. In the category of "accounting" uses are 
included any ex post exercises in allocating costs that have already been incurred 
to outputs that have already beon produced. The category of "planning" uses includes 
any exercise involving the estimation of costs that will in future be incurred in 
order to produce output# Thus an exercise which involved dividing recurrent expen- 
diture in a past year by student load to produce a figure of recurrent expenditure 
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per unit oiT student, load would fall into the "ac counting” category, as would an 
oxereiso to calculate the cost per student to the national economy in a past year. 
On the other hand, an attempt to estimate the cost of producing graduates in the 
future, whether concerned with recurrent or capital cost to the university, or cost 
to the national economy , falls into the 1 ! pi aiming 1 ^ category • 

Thor© is thus a distinction between two broad concepts of* cost* On the 
one hand there is the ex post concept of coat as an allocation of past expenditures, 
when cost is sunk and resources con no longer be reallocated. On the other hand 
there is the concept of cost as an element in the decision— making process % such a 
cost arises only at the point in time at which a decision relating to production is 
made • It is at this stage avoidable* For "planning 11 purposes one is concerned 
with avoidable costs only, as sunk costs have already been incurred and should not 
therefore affect decisions about the future* 

A simple example will clarify this important distinction* Let us suppose 
that course X was taught last year and the resources used consisted solely of aca- 
demic staff costing £10,000 altogether and building space— hours owned by the uni- 
versity , the interest and amortisation of which amounts to £50,000 annual! v « The 
total cost of mounting the course during the year was therefore £60,000* This 
figure represents cost in the ex post sense of an allocation of past expenditure 
(real and imputed) • Wow suppose that it is proposed to double enrolment to the 
course in the following year and that this requires an exact doubling of staff and 
space-hours* Suppose further that these space-hours currently lie idle in the 
university* In order to decide whether to expand the course the university needs 
to know the costs that will be incurred in so doing. The figure of £60,000 is not 
relevant to the decision that must be taken, for £ 50,000 of it has already been 
sunkj the space— hours are there already* The cost of expanding the course is the 
£10,000 required for academic staff, and this represents cost in the "planning" 
sense* This is the figure of avoidable cost which is a factor influencing 
d eel slon-making * 

It w o uXd be q ui t e wrong to us e ex pq & t c ale nlail ons of cos t_ in order to 
influenc o d oc ± si on— making * The university would not save in any real sense £60*0QQ 
bjy discontinuin g the c o ur so consider od above * It would also be wrong to use the 
figure of avoidable cost to represent tho amount of rogouroes uaed to provide the 
the course in the past * This f undaniental distinction must be kept in mind through- 
out this report* In Part 2, where the object Is to measure the costs "already in- 
curred and allocate them to various outputs, cost Is used in the ex post sense* In 
Parts 3 and 6, cost figures are required to aid decision— making, and consequently 
figures of additional avoidable costs are presented. However in order to enable 
comparisons to be made with the existing situation it is useful also to calculate 
ex post costs as they would be in the changed situation. It is important however 
to rem ember that the difference between the ex post cost in the original situation 
and ^ that in the changed situation should not be used to .justify making (or not 

making) the change „ This is due to the existence of a substantial body of sunk 

costs In the fora of capital [invested in land, buildings and equipment, and of 
current expenditure committed to the maintenance of existing buildings. Costs 
that h ave already been Incurred are no longer avoidable and so should not be 
allowed to influence future decisions * 
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FIITi JJGIAL AND i«pNOICCC _ CQ3T 

We consider* now tho innti ncLion between the financial and economic coat 0 
of a particular lino of action. Whilst .1 ndividim! universities will be practice be 
concerned with financial costs, since these are the costs that must be mot from 
their recurrent and capital grants , national educational authorities will be con- 
cerned with both financial costs, since these determine the level of grants to 
institutions , and with economic costs, since these reflect the demands of higher 
education on the national 

In the context of an individual university the distinction between finan- 
cial and economic cost is as follows: 

(a) financial costing is concerned with actual cash outflows from 
the university on naint aining , operating, and expanding the 
university, 

(b) economic costing is concerned with the derived demand of the 
university for the services of factors of production. If these 
factors provide services over several years, then their services 
are costed on an annual basis, even though the financial outlay, 
to obtain the factors was nado in a single year in the past. 

Financial costing after the initial year produces lower annual cost figures than 
economic co stingo To show why this is so, wo examine in turn the major cost items 
from each costing viewpoint* 

1* Accommodation 

The construction of university buildings in Britain is usually financed 
by means of a capital grant from tho University Grants Committee for the construc- 
tion of a specified new building* Thereafter the university ia responsible for 
maintaining tho building from its recurrent grant j it is not responsible for paying 
any depreciation charges on the building, except for the heavy capital equipment 
such as boilers and lifts which have a shorter working life than the buildings in 
which they are housed, nor for setting aside reserves for the eventual replacement 
of the building, 

(a) Financial Costing 

Hence in financial costing terms, the annual cost of a building to the 
university comprises the following elements: 

(i) the purchase price of the land on which the building stands, 
attributed solely to the year in which the land was bought 
(or the annual rent if the land is rented). 

(ii) tho initial construction costs (loss the cost of heavy capital 
equipment) attributed solely to the year (s) during which the 
building was constructed, . 
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(ill) 

(iv) 

(v) 



the annual insuranne payments \ 

the annual maintenance costs \ 

the cost of adaptations to the building attributed 
wholly to the year in which they were made 

(vi) the annual depreciation charges on heavy capital 
equipment. \ 

Because of Item (ii) the annual financial cost of the building in the 
first year(s) win be very high, but then drops steeply to the normal level deter- 
mined largely be items (iii) , (iv) and (vi) * 

Alternatively, if a building or part of a building is rented, the annual 
rental will constitute the annual financial cost of that accommodation. 



! (b) Economic Costing 

Since economic costing is concerned with pricing the services rendered to 
i the university by its resources over their period of use, we must find a basis on 
j which to cost the services of university accommodation, 

l To arrive at an economic cost, a university should amortise its capital 

j together with interest payments. These repayments would be made in equal annual 

l installments over the estimated life of the buildings, and their value would be 

| calculated by multiplying the capital (insured) value of the building by the appro- 
[ priate discount and amortisation factor. 



f If the land upon which the buildings stand is owned by the university, 

t then it should bo imputed the opportunity cost interest rate on the capital 

j- supposedly invested in the land* This imputed interest should bo included who Jier 

I the university bought the land or whether it was donated to it* Because such land 
j does not depreciate, no amortisation is required. 

f Hence the annual economic cost to the university of its accommodation com- 

l prises the following: 

• (i) the annual interest charges on the capital invested in the 

land, but no amortisation since such land never depreciates* 



(ii) the annual amortisation and interest payments on the capital 
invested in- the building, less’ the capital Invested in the 
heavy capital equipment* • 

(Hi) the annual insurance payments* 

(iv) annual maintenance costs* 
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(v) cost of adaptations to the building* expressed in annual 
terms as in (ii) , 

(vd) Aimiml amortisation r interest on the capital invested 
in the heavy capital equipment. 



These elements comprise the imputed rental of a university building through- 
out its life. 

As far as rented aocormodat ion is concerned* we may assume that the annual 
rental oomprises all five above-mentioned elements » In other words* the annual 
economic cost equals the annual financial cost for rented accommodation* 



2 m Equipment ; 

The costing of equipment is similar to that of accommodation* 

The purchase of equipment by the university is done on a once-for-alX 
basis ^ a machine is paid for in a particular year and thereafter maintenance 
charges* but no depreciation* are paid * Hence* undc^ the. financial costing system* 
the parr chase cost of a new machine should be attributed to the course in the year 
in which it was purchased* although it has a life of several ysars. This is justi- 
fied in financial costing* since all cash outflows from the university in a parti— 
cular year must be attributed to the relevant outputs. 

In addition* the annual maintenance charges on the machine must also be 
included in the financial cost* in subsequent years* 

In economic costing* we are concerned with- costing the services rendered 
by the equipment over its lifetime. Since the university can be looked upon- as 
borrowing the capital required to purchase an item of equipment* it must implicit] y 
amortise and pay interest on that capital. The annual installments are computed 
by multiplying the capital value of the equipment by the appropriate factor* and 
these* along with the annual main to nanc e charges on bho equipment* comprise the 
economic cost* • i. .. . • ; 

In the case, of a new machine* its economic cost will be higher over time 
than its financial cost because of the interest .payments associated with the former. 
However* the incremental financial cost will be considerably higher in the year of 
purchase because a , large proportion of the financial cost arises at that time. 

3 m Staff: Academic and. Technical 

The cost of staff amounts to their ann ual salaries* superannuation and 
national insurance payments. As far as the university is concerned the economic 
cost of employing staff is the same as the financial cost G 
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Materials are simply 11 consumable 3 11 and therefore attributable to the year 
in which they were purchased. Economic cost is the same as financial cost, 

5* General Expenditure s 

These comprise the following main elements: 

(i) expenditure on administration both centrally and 
by departments 

(ii) library expenditures 

(iii) expenditure on study facilities and student facilities. 

They may be broken down into the first four categories of resources and 
treated in the same way,. 



OPPORTUNITY COST 

The concept of economic cost so far developed is valid only in the "account- 
ing ,! context of cost* It is a satisfactory method of calculating the ex post cost 
to the university of its activities in a past period. In particular it provides a 
way of spreading the already-incurred costs of capital assets over the useful life 
of those assets! it costs the services provided by the assets rather than the pro- 
vision of the asset itself. However the concept is not sufficient for 1 planning 1 
purposes, neither from the university f s point of view nor from that of the economy 
as a whole. In the planning 1 context th© concepts of Opportunity Cost to the 
university and Social Opportunity Cost (to the nation) must be used. 

The Committee on Higher Education in 1963 recognised that the cost of the 
higher education system to the public sector did not represent the full cost of the 
system to the national economy, and c ommented ; 

the last analysis, the real cost of anything is what has to 
be foregone in order to have it* Hence the real cost of higher 
education is what could have been produced or enjoyed had the 
means involved — the use of buildings and materials, the ser- 
vices of staff and students — been available for other purposes 
* * * . • The ultimate cost of higher education is what is foregone 
by devoting resources, including the potential earnings of stu- 
dents, to this purpose rather than to something else f, 1 



1 • UoK. Committee on Higher Education, Cmnd 2154, (The Robbins Report), H.M*S,G*. 
1963, ' " — 
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This accurately describes Social Opportunity Cost, If the body incurring 
the cost is narrowed down from the nation to the University then we con speak- of the 
Opportunity Cost to the university. 

There are however major problems in measuring opportunity costs as the 
alternative uses of resources are manifold, and there is no way of ensuring that the 
most profitable has been identified. We now look at the opportunity costs of the 
principal university resources, 

1, Buildings 

"he conventional method of imputing a rent to a building is to measure 
the value of the capital invested in it (purchase of land, construct. Lon of buildings, 
adaptations made to it, and fixed equipment embodied in it), write off all except the 
land over the estimated life of the building, and then to calculate the productivity 
of this capital in alternative uses by assuming that the capital could be invested 
at the ruling rate of interest . This is a valid method of calculating ex post costs 
and is used in the calculations of costs in Part 2 of the report. It represents the 
opportunity cost of the building at the time at which the decision to construct it 
was b e ing mad e , At that tine the alternative of investing the capital elsewhere was 
theoretically open, and consequently the foregone opportunities of such alternative 
investment represented the cost of constructing the building. However once the 
building has been constructed and equipped the possibility of realising the capital 
invested in it for some alternative use no longer exists. An asset of s highly spe- 
cific nature has been created, and its scope of its potential use is much narrower 
than when the capital was still in the form of money. The original oapi* 1 cannot 
bo recovered | the only way it can be put to • an alternative use is by leas: -v or 
selling the building to some other user outside the university* In other ^ ~ds the 
free— market rent or sale price represents the opportunity cost of the building to 
the university* Now this varies from place to place* A general-purpose teaching 
building belonging to a central London college is likely to be able to earn % much 
higher rent or sale price in the market, than an identical building in Bradford 
where the commercial demand for office space is relatively low. Specialised 
scientific buildings, though more expensive to construct, are likely to be faced 
with a smaller alternative market than general-purpose teaching buildings* 

For the purpose of opportunity costing, therefore, the Imputed rent for 
the building should be based on its potential free-market rent rather than on the 
exp end i tur e s sunk in providing the building initially. 

In the case of rented buildings, the rent which the university actually 
pays for these buildings in the free -market represents their opportunity cost* The 
university would actually have the amount of the rent in hand if it ceased to lease 
the accommodation, and tho buildings would bo available to alternative users who 
valued their contribution to their own output at least as greatly as tho amount of 
rent to be paid, 

2* Ebuinment 

Like buildings, equipment is conventionally imputed a ren b, based on the 




1*7 



capital invested in i+, bo! nl+.^rnati vnly invoot^ eljewhere, at tho ruling rate 

of interest# Again* as with buildings* the objection must be made that this repre- 
sents the opportunity cost only at the moment of decision# Once the equipment has 
boon purchased its opportunity cost bo the university is its realisable value* either 
for sale or leasing* and this realisable value is likely to be less than the ox post 
cost to the university of obtaining it* 



3. Staff 

The opportunity cost to the university of the staff it employs is the 
goods or services forgone as a result of not spending the money used for the employ- 
ment of staff on the most productive alternative factors of production. Conventional 
economic theory assumes that in a free market the price paid represents tho productive 
value of the factor to the user* and that the user will sea k to maximise the pro- 
ductivity of the resources he uses. Consequently the price paid for staff (salary* 
superannuation* insurance* etc) reflects their opportunity cost to the university* 
otherwise the university would not have employed tho staff member but spent the money 
on something else* 

The social opportunity cost of staff employed by the university is the 
flow of- goods and services foregone by the national economy as a result of the staff 
not being employed in the most productive alternative* Conventional economic theory 
assumes that the individual 1 s contribution to the flow of goods or services in any 
employment is measured by the price paid by tho employer f or his work* It further 
assumes that rational individuals in a free market seek to maximise thoir incomes* 
Consequently the continuing employment of an individual in the university Indicates 
that there is no alternative employment in which he could make a greater productive 
contribution than he already does. Thus the price -paid by the university may be 
taken to reflect his social opportunity cost. 

It is sometimes asserted that university academic staff could earn consi- 
derably more outside the university world* and consequently their cost to the univer- 
sity is less than their social opportunity cost. If in fact they could earn more 
outside then their social opportunity cost is greater than their cost to the univer- 
sity* and one should strictly include in their cost an element representing the 
extra earnings they forego in order to obtain the nan-pecuniary benefits of tho 
academic life. 



4* Materials 



In a free market economy the price paid by the university for materials 
may be assumed to equal both their opportunity cost to the university and their 
social opportunity cost* 

5* Students 

Although the university does not pay anything* in either a financial or 
an economic sons©* to secure the services of students* this does not mean that they 
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t epr e s en t a j'rco input. The costs are boruG Toy s ociety in the form of the loss of 
production incurred ns n result of students not tricing productive employment n_n.iine— 
diately upon leaving school. This loss of production can he measured by the earnings 
foregone by the student, loss any part-time or vacation earnings he may make • Any 
calculation of social opportunity cost should therefor© contain an element measuring 
the net earnings foregone by students. Student maintenance awards, being a form of 
transfer payment, do not represent a cost to the national economy and should not be 
included in social opportunity cost; they do however represent expenditure by the 
public sector, and so- should be included in public sector financial cost. 



Cost in a Subjective Sense * 

It is apparent that the concept of opp or t uni t y cost, whether to the indi- 
vidual university or to the national economy, is difficult to quantify. Only in 
the case of materials can actual expenditures bo used without qualification# For 
the other major elements of cost — the imputed rents of buildings and equipment, 
staff salaries and wages, and the foregone earnings of students — approximations 
to probable market prices are required# 

Indeed one can take the view that not. only are opportunity costs difft^mt 
to quantify, but that they are, * in their very nature, subjective and incapable of 
measurement# In assessing th© alternative courses of aotion different individuals 
will place different values on them. The cost of any line of action, therefore, is 
the valuation placed on its most preferred alternative by the person responsible for 
talcing the decision# Coat, consequently, is not an attribute of the product which 
is pr ©deter mined as far as tho would-be consumer is concerned, but a judgement mads 
by the decision— maker or consumer and likely therefore to differ between different 
decision-makers and consumers# 

Specifically in the context of expenditure on higher education, the cost 
is not to be measured objectively in money terms, but subjectively in terras of the 
foregone benefits of alternative expenditure on other levels of education, on other 
government services, or on private investment and consumption. Valuation of such 
benefits is determined by political rather than economic factors „ It is important 
to remember that one million pounds sterling saved in one field does not necessarily 
mean one million pounds sterling available for another purpose because the resources 
it represents may not be interchangeable. 

Similarly, within an individual university, the cost of introducing a new 
course, or expanding an existing one, is to be measured in terms not of expenditure, 
real or imputed, but of the subjective valuations placed by the university * planning 
authorities on the alternative development proposals that mil be excluded if the 
proposal in question is adopted. 

Furthermore there is no way of checking after the decision has been taken 
(and the opportunity cost, therefore, incurred, even though much of tho outlay has 
yet to be made) that the decision— maker 1 s estimate of cost was correct, because the 
alternative line of action never happened, and its benefits consequently could not 
be measured# 



For the purposes of this report, which is concerned with identifying possible 
economies in the •execution of the university’s activities, this subjective concept of 
cost is not particularly useful. Of more importance , arc the financial and economic 
outlays that will occur as a result of taking various lines of action. Consequently 
throughout this report the term ’’cost 11 , whether used in the ox post accounting” 
sense, or in the 11 planning” sense, in fact meamires outlays of resources, not the 
foregone benefits of alternative policies. 

Cost Frew] c t ermine d by Revenue . 

A further complication in university costing arises from the foot that the 
system of grants to universities in the United Kingdom means that costs are determined 
in advance of the process of production. A university’s recurrent grant for a parti- 
cular year is known in advance and whatever changes in the method of production or 
the level of operation may be made, the total amount of the grant will b© spent . 

Any economies made in one sphere of activity will be taken up by additional expendi- 
ture in another | consequently, the total cost of the university’s activities will 
be unchanged. Savings in cost per student can b© realised simply by increasing the 
number of students. Indeed it is Impossible for the university to control exactly 
the number of students enrolled in any one year j numbers may vary by about 5% of the 
target figure due to year to year changes in failure rates and to the floxibiltiy 
of the undergraduate admissions system. Since the recurrent grants, and therefore 
recurrent expenditure, is already known, recurrent cost^per-student is subject to 
a similar variation. In the short-run therefore the university seems to have no 
way of reducing total costs, but an increase in numbers will perforce reduce the 
cost— per— student, since total expenditure is fixed in advance and will not normally 
be increased as a result of accepting additional students. 
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m?XT COSTS IN UNIVERSITIES 




CHAPTER 2 



OUTPUT-BUDGETING AMD THE CALCULATION OF WIT COSTS 



The' technique of output-budgeting is becoming increasingly popular in 
several sections of the public sector* Since its introduction in the United States 
Department of Defence, its use has spread to most branches of U.S. federal and 
state government activities, including education, arid to some individual institutions* 
Thus, since 1969, the University of California has presented its budgets to the 
state government in this form* The concept has gained less ground in the United 
Kingdom, but lias been investigated by, amongst several others, the Department of 
Education and Science,^ 

In this chapter its relevance within an individual institution is considered. 
The term “output-budgeting" is a misleading abbreviation for the original terminology 
of "plamaing-progrumming-budgeting system", or n PFBS" as it is generally referred to. 
The original terminology emphasizes the threefold process of the system, whereas the 
shorter form magnifies the importance of the budgeting process at the expense or the 
earlier and higher level processes of planning and programming. The essence of EPdb 
is the close relationship created between the fundamentally routine process of bud- 
geting and the policy decisions made in order to fulfil an institution 1 s obj octavos . 

The first vital step of introducing a planning-progranming-hudgeting 
system is to define the objectives for which the institution exists* The second 
step is to define the various programmes of activities that are being carried out, 
or might be carried out, in order to fulfil these objectives. The third step xs 
to estimate the cost of these programmes » In operation, PPBS involves the con- 
tinuous monitoring of activities to see how the costs work out and how well the 
various programmes in fact fulfil the objectives. It further involves the constant 
review of all programmes in the light of possible alternatives to see whether an 
alternative programme might not better or more economically poet the institution s 
obj ectives , 

It is beyond the scope of this report to consider how PPBS could be 
integrated into the planning systems of existing institutions, and we are aware 
that this question is being studied as part of an OECD-associated project at ^ ^ 

Chalmers U ni versity of Technology, Gothenburg, Sweden. In this report our aim xs 
modest i to consider whether it is possible to define and cost programmes o ac x— 
vity within an individual university, and if so, whether such costings would be useful. 

The objectives of a university are notoriously difficult to define. In its 
budget submitted in April 1968 and covering the period up to 1973-74, the University 
of California sidesteps the issue by sayings 

i* The pri mar y goal of the University is ..... to contribute 
to the public good by providing higher education services. ^ 



1 s Uni ted Kingdom, Department of Education and Science, Education Planning Paper He, . 1 
Output Budgeting for the Department of Education and Science (Londons ®iS0, 1970) 

2, University of California, A Program Budgets FT 1970-71 - FT 1973-74, April 19^9 
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It than immediately attention to the means of doing this, and defines 

three major programmes of activity — in^triiotion, research and public service. 

It recognises, however , that there are substantial groups of activities that contri- 
bute to more than one of these progrommas simultaneously, and cannot realistic ally 
be divided* Consequently three more programmes are defined — libraries, univer- 
sity administration, and supporting services. — and these programmes are given equal 
status to the three original ones* 

In the context of a British university, one would wish to distinguish 
teaching and research as separate objectives* "Publiu service 11 has never been of 
the same importance in British as in /American universities , but nevertheless the 
number of contracts made with industrial concerns for research and other purposes 
ia growing and might rate as an objective in its own right. To these two basic 
objectives a number of subsidiary ones may be added, such as the social welfare of 
the members of the university (through the services of the Student 1 s Union, Health 
Service, Physical Recreation, counselling, residential accommodation, catering, etc,), 
and the placing, of its graduates in employment. 

There can be no one ,f right 11 definition of objectives. The provision of 
student residential services may, to some, be an objective in its own right, whilst 
to others it is merely one part of the objective of teaching students. 

It is a mistake to regard output-budgeting as a concept totally distinct 
from existing methods, for the traditional methods of presenting university accounts 
and budgets already contain elements of it, as certain projects and activities are 
already costed separately. One can tell at a glance the (current) cost of, for 
instance, the Students 1 Health Service. 

Basically, however, university budgets and accounts are n object-orientated 11 f 
that, is, e^qpendit urea are expressed in terms of the resources on which they are spent. 
Thus quinquennial submissions to the U.G.O. , annual budgets, and annual accounts 
show how much will be, or was, spent on, for instance, academic salaries, maintenance 
of premises, or municipal taxes and rates* They do not however enable one to see 
the cost of producing graduates in particular subjects, or of pursuing research in a 
particular field. Yet it is the cost of Jirogrammes that Is relevant to planners , 
both in universltiQg and in government ? in makin^ decisions to expand existing 
courses or_to start new ones * The purpose of output— budgeting is to make available 
to planners cost data relating to alternative programmes of activities, so that the 
planners, in making their decisions, are better able to assess the demands they are 
placing on the finite amount of resources at their disposal. 

University planning is about matters such as establishing a new department, 
introducing a new course, increasing enrolment to an existing course, and building 
residential accommodation. Output-budgeting seeks to make available the cost of 
activities such as these© Consequently the programmes must be defined in terms of 
Specific courses, and of specific research projects* In this part of the report, 
we define each undergraduate course as a programme, although no attempt is made to 
distinguish Honours and Ordinary students in the same discipline. We confine our 
attention to undergraduate programmes only. 
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It 1 b apparent that a coherent set of programmes can ho defined for a 
university* The approach adopted here takes the narrow view of what constitutes 
a programme — thus activities such as. physical recreation are not regarded as 
programmes in their own right but are treated as contributory activities to the 
main, programmes of teaching and research. 

In Part 2 of this reports nineteen programmes * each corresponding to an 
undergraduate course* are defined* and their cost to the university in 1959-70 is 
calculated B 

In Part 6 individual proposals for expanding courses or introducing new 
ones are defined as programmes and their costs are calculated* 

The major difficulty that has been found in costing the under graduate 
programmes is the treatment of joint-costs — the costs* that is* of resources 
that contribute to more than one programme and help to produce more than one typo 
of output* One member of staff both teaches students and pursues his own research* 
and in the present climate* it is fundamental to his successful operation in either 
of these fields that he also operates in the other. Evan if the distribution of 
his time between these two activities could be accurately measured (and there are 
reasons for doubting that any such measurement can be accurate) there would still 
be strong objections to attributing his cost in the sane proportion* The objection 
is based on the assertion that even though part of his tine is spent on research* 
that expenditure of time (and therefore its cost) must unavoidably bo incurred if 
the university is to secure his teaching servaoesi since this research expenditure 
must be incurred then it should be regarded as part of the cost of undergraduate 
teaching* 

Vie have attempted to resolve this problem by presenting in Part 2 only 
costs directly attributable to undergraduate courses — the cost of staff time 
(and teaching* accommodation* equipment and materials) devoted to other activities 
(including research) has been extracted from the cost figures presented. In Part 6* 
however* where the purpose is to calculate the costs that will be incurred if 
certain proposals relating to undergraduate courses are adopted* alternative sets of 
costs are produced. One set (which we call ,! full cost 11 ) includes the full cost of 
the extra staff required* including the cost of the time devoted to other activities* 
The other set of costs ( n part cost 11 ) contains only the cost of that part of staff 
time actually devoted to the undergraduate proposal under consideration* 

It has been found in the process of costing existing undergraduate courses 
that virtually every resource used by the university contributes to the output of 
more than one programme — nearly all costs are* in one way or another* joint-costs* 
Academic staff teach and pursue research; technical staff service teaching and 
research laboratories; classrooms* laboratories and items of equipment are used by 
students on different courses; materials are purchased on behalf of schools of study 
and it is difficult to find which course they are ultimately used by; library* central 
administrative and student facilities aro used to differing degrees by staff and 
students from different schools of study* Although In Part 2 an equitable distribu- 
tion of costa over different outputs is achieved. It is important to remember that 
the figure consequently quoted as the 11 cost** of a particular course reflects* not only 



the resources devoted to that course, but also the .joint uae of those game resour ces 
for other programmes of activity, a nd the, cost of the tips . duri ng w hich they were 
not used at all . The us© of output-budgeting 'techniques to measure ox post costs, 
as is dona in this part of the report, must be treated with cautioni in budgeting 
for the cost of proposed changes to the pattern of activity, as is done in Part 6, 
it is much more meaningful. 



Method of Calculating Unit Costs 

We describe now the method used to calculate tho unit costs of teaching 
undergraduate students in each separate* discipline at the University of Bradford 
in 1969-70, The costs calculated are ex post economic costs to the University 
Grants Committee, They do not represent social opportunity cost because the fore- 
gone earnings of students are not included, nor do they represent the full public 
sector cost as no allowance is made for students* maintenance grants. They are ex 
post costs as opposed to true opportunity costs, because the capital invested in 
buildings and equipment has boon valued in terms of what the capital could have 
earned if it had been invested elsewhere, rather than in terms of what the physical 
assets could now earn outside tho university. 

Costs are calculated on an annual per student basis. These are subdivided 
under the following headings 2 

(1) Capital and maintenance costs 

(2) Teach in g Costs (Salaries of teaching and technical 
staff and expenditure on teaching equipment and 
materials) 

(3) Administrative expenditures 

( 4 ) Library expenditures 

(5) Student facility, general educational and 
miscellaneous exp oiidi ture s 

The University of Bradford runs "sandwich courses" in which either a pari of some 
academic years or one whole year is spent outside tho university for the purpose 
of industrial training. Those courses that require a part of several academic years 
to be spent in industrial training are known as "thin" sandwich courses j courses 
in which one whole year is spent in industry are known as "thick 1 * sandwich courses. 
The total duration of a sandwich course is four years. Other courses have no indus- 
trial training and last for three years only, 

1. Capital and Maintenance Costs 

These costs comprise annual interest and amortisation on buildings, non- 
teaching equipment and furniture, and their maintenance costs. The capital sums 
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represent the insured value in 1969 of the items concerned, Th© insured value was 
multiplied by the appropriate discount and amortisation factor at 7 % over a period 
of fifty years, 3 

For eaoonple > the ’’Main Building ” of the University of Bradford has an 
insured capital value (including non— teaching equipment such as furniture) of 
£3*675,174. With an interest rate of 7 % and amortisation of fifty years * the dis- 
count and amortisation factor for annual repayments is *072460. Thus* the annual 
capital value of the building and non-teaching equipment is £3*675*174 x .072460 = 
£266*303* To this is added the value' of the site upon which the building stands — 
£23*000 multiplied by 7 % only* since land never depreciates and need not be amortised* 
This amounts to £1 * 610 * (in the case of rented buildings the actual annual rental 
is used instead of the amortised capital amount*) 

Annual maintenance expenditure^ and municipal rates attributable to the 
Main Building of £221*318 are also added* summing to a grand total of £489*231* This 
is then divided by the 336*717 total weighted square feet of usable area in the Main 
Building. The result was a figure of £1*45 for the annual capital and maintenance 
cost per weighted square foot of usable area* 

f, BsabiQ n area is defined aa apace used for some identifiable purpose in 
connection with teaching* research* administration or facilities. It excludes what 
the U.G.C, call 11 balance 11 area* such as corridors* cloakrooms* etc* 

The concept of weighted square footage is used to allow for the fact that 
laboratory space is more expensive to construct and maintain than general teaching 
and office space* In the case of general purpose space* rooms are costed by multi- 
plying the actual square footage by the cost per weighted square foot (£1*45) j labo- 
ratories are costed by multiplying the actual square footage by the weighting factor 5 
and then by the cost per weighted square foot. 

The total usable space is analysed into different types of rooms as shown 
in Table 2*1 and the annual cost of each type of accommodation computed incorporating 
the laboratory weighting factor* 



3* A rate of 7 % is used as representing the current long-term rate of interest of 

around 10^* less its estimated inflation element* A period of fifty years is used 
since it is the figure employed in the U.S.A* by the National Committee on Stan- 
dard Reports for Institutions of Higher Education. 

4* Maintenance expenditures here comprise annual insurance premiums on the buildings* 
exp endit lire on materials (i*e Q cleaning requisites) * water charges* heating* wages 
and salaries of porters* cleaners and superintending staff* etc. and miscellaneous 
expenditures such as window cleaning* 

5# The weights used are derived from U*G«C* norms of permitted capital cost published 

in t! Non-Recurrent Grants i Notes oh Procedure* 1969” * and are as follows s Physics 1.38 
Chemistry 1.65* Biology 1*57? Pharmacy 1*65} . Engineering 1*67* Textiles 1*67* 




2.5 




Table 2_l Area and Annual Cost of Different Tyuos 
of Accommodation : Main Building 1969/70 



! 

i 


Actual Area 
(sq.ft. ) 


Allocated Cost 
(£) 


Classrooms 


41,466 


60,156 


Laboratories 


134,947 


307,857 


Academic Staff Offices 


25,852 . 


37,485 


Administrative Staff Offices 


13,450 


19,502 


Study Facility Space 


11,315 


16,407 


Student Facility Space 


27,982 


40,574 


Staff Facility Space 


5,000 


7,250 


TOTAL 


260,032 


489,231 



Study facility space consists of libraries and reading rooms | student facility space 
consists of refectories, students* union offices, gymnasia, lodgings office, etc.) 
staff facility space consists of staff common rooms and dining rooms* 

A similar analysis has been carried out for each building in the univoreity, 
including halls of residence and student flats owned by the university. Interest, 
at the rate of 7 %, on the current value of the sites of playing fiends is included in 
the figure for student facilities. 

The method of distributing space costs between different categories of 
students is as follows: 

(a) Classrooms and Laboratories 

Timetables for all classrooms and laboratories have been analysed and their 
costs are allocated to different disciplines in proportion to the time they are used 
by each discipline. Thus a room used 8 hours a week for postgraduate work, 8 hours 
for the undergraduate course in Mathematics, 8 hours for the undergraduate course on 
Chemistry and empty for the remaining time, would have its costs allocated In three 
equal parts to the three categories of user. The cost of unused room-hours cons©- 
quently is spread over the users in proportion to the amount of their use. Tho break- 
down of use takes account of service teaching given by one school to students of 
another discipline. 

(b) Academic Staff Officer 

The cost of academic staff offices attributable to undergraduate work as 
a whole (as distinct from postgraduate and other activities) is taken as being directly 
proportionate to the time that academic staff devoted to undergraduate work out of 
their total working time,. This proportion is derived from a survey of the use or 
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academic staff tine in the University of Bradford in 1968. The survey found that 
the proportion of total tern- tine working time devoted to undergraduate work varied 
between 47 % in Physical Sciences and 61% in Social Sciences, the average for the whole 

university being 52%. 

Concerning undergraduate work during vacations, the Robbins Report quotes 
20% as the proportion of vacation time that is devoted to ‘undergraduate work. This 
figure is used in association with the term-time proportions found in the Bradford 
survey, to give overall annual distributions of staff time in each of the four Boards 

of Study, 

That proportion of the cost of academic staff offices that was attributable 
to undergraduate work as a whole, was then allocated to individual disciplines an 
proportion to the actual amount of timetabled teaching, 

(c) Administrative Staff Offices 

The cost of offices of School (departmental) administrations and clerical, 
staff was equally divided over all students registered in the School, The cost ot 
offices of central administrative and clerical staff was equally divided over all 
students in the university* .. .. .. 

(d) Study Facility Space 

The cost of libraries and readings rooms was divided over all students In 
the university with postgraduates weighted as 2, to reflect their greater use of 
library facilities. 

(a) Student and Staff Facility Space 

The costs of this accommodation was divided over all students in ohe uni- 
versity with students on "thin sandwich'* courses weighted as ? because these courses 
comprise two intakes per year, the students of only . one of which are present in the 
university at any one time, the other- receiving training in industry. 



2. Teaching Costs 



luperafmuation and insurance of academic 



anc 



on 



These comprise the annual salaries, s 
and technical staff, the annual value of teaching 
materials used in teaching. 

The cost of academic staff is split firstly between undergraduate and other 
work, and secondly between undergraduate disciplines. In the same way as the cost o 
academic staff offices. Thus, on average, 43% ( 52 % of 33 _ term weeks plus ^ ™fdSte 
non-holiday vacation weeks) of academic staff costs are attributable to undergraduate 
work. This cost is spread over disciplines in proportion to the amount of timetabled 
teaching carried out ^making due allovranee for "service teaching" between 



6, R, K, Khann a and • Shattook* Analysis of 
paper of the University of Bradford, 1966) 



University Staff Time (unpublished 
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The costs of ‘technical staff are treated differently. Since the raison 
d'etre of technical staff is the servicing of laboratories, their cost has been 
attributed to undergraduate or other work in proportion to the ratio of undergraduate 
teaching to research laboratories. Thus if 25/5 of a department's laboratory space 
consists of undergraduate teaching laboratories, as opposed to post-graduate and 
research laboratories, then 25 ^ of the cost of technical staff is attributed to 
undergraduate work. Chapter 12 of this report contains a fuller justification for 
this method of allocating technical staff costs. The costs attributable to under- 
graduate work are then distributed between courses in proportion to the use made of 
each laboratory by each course. 

The total ae emulated purchases of teaching equipment by each department 
over the five years since Bradford became a university, is taken to represent the 
capital value of this equipment. Annual capital value is calculated at 7 % over 15 
years. 7 To this is added expenditure on teaching materials by each department during 
1969-70. A proportion of this sum is then attributed to undergraduate work on the 
basis of the university's Form 3 returns to the U.G.O, 

3. Administrative Sbependitures 

Central administrative expenditures comprise salaries and fringe benefits 
of all central university administrative and clerical staff, and expenditures on offic 
equipment end materials. The total expenditures are equally distributed over all 
students in the university. 

School administrative expenditures include salaries and expend! tur e s on 
school office equipment and materials. The total administrative expenditure in each 
school is divided among the students in that school on the basis of. full-time under- 
graduate equivalent students, weighting postgraduates as 2, 

4* Library Expenditures 



The annual value of the library's stock of books and periodicals is assumed 
to equal one year's expenditure. To this is added the salaries ^ etc. of library staff 
The total expenditure of the library was distributed between undergraduate, post- 
graduates and academic staff and between undergraduate disciplines, on the basis of a 
points system used by the university in allocating library expenditures between disci- 
plines, The points system is designed to reflect the demands made on the library by 
different types of students and by staff in different subject fields. 



5. Student ■Facility. General and Miscellaneous Expenditures 

This includes the operating deficits on refectories and halls of residence, 
etc,, revenue contributions to the Student's Union, and to sports, medical and welfare 
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activities. Also included are a variety of miscellaneous esqpenditurea such as exter- 
nal examiner 1 s fees, hospitality, expenses payments, etc* Those are distributed 
equally over all students# 

The costs produced for undergraduates in. each discipline are presented and 
analysed in Chapter 3. # 

CRITIQUE OF METHOD ADOPTED 

It is useful at this stage to evaluate the meaning of the figures produced, 
and to pose the questions ”How far do they represent the costs incurred by the 
university during 1969-70 in teaching undergraduates on various courses?” The question 
is of two parts s "How far is the total right?” and ”How accurate is the distribution?” 

The first part of the question has been considered in Part 1 of this report. 
The figures quoted in Chapter 3 measure costs in an ex post sons 03 they put a value 
on resources used, but do not distinguish between costs that had already been incurred, 
and those which wore actually incurred during the year in question# Insofar as the 
figures put a value on resources used by the university one must express reservations 
about the imputed costs of the services provided by buildings, equipment and library 
books# ; ; ■' 

The capital value of buildings and non-teaching equipment is based on their 
insured value in 1969-70* The use of this figure is open to criticism on two grounds: 
that it is an estimated value, and that it represents the cost of replacing the build- 
ing at current prices. Although the estimate is made by professionally qualified 
people, it is nevertheless an estimate and consequently not proven in an open market# 
The second criticism is more serious — if the object is to put a value on resources 
used, then it might be more relevant to use the act vial construction cost of the 
building and the purchase price of its fittings and furniture# Current value has been 
used since the intention of cost figures is to measure the opportunity costs of con- 
tinuing to use the buildings and equipment, but one must boar in mind the fact that, 
in practice, the possibility of disposing of them at that price is not open* In the 
light of this, historical cost night have more meaning. On the other hand, one could 
validly argue that the occupation, of accommodation by a particular School of Study 
contributes towards the complete usage of existing accommodation, thus pushing some 
future School of Study into newly constructed buildings# Since such buildings would 
be built to the U.G.C* *s cost norms, it is tenable that the cost of existing accomo- 
dation should be regarded as equal to the cost of new accommodation. It would follow 
from this that the value, historic or current, of existing actual buildings should be 
totally ignored and all existing space costed at the rate necessary to obtain new 
accommodation, either purpose built to U.G.C* norms, or rented on the open market* 

The figures quoted for the annual cost of buildings and non-teaching equip- 
ment are open to the further criticism that they are dependent on the rate of interest 
and the period of amortisation chosen. These together have a significant effect on 
capital cost per student. For example in an exercise relating to the academic year 
1966-67 the cost por student for the four years of the undergraduate course in 



Mechanical Engineering was calculated at £3,410 of which £1,548 was capital and 
maintenance costs based on an interest rate of 7 % and an amortisation period of 50 
years. To show the effect of changing either of these factors, costs have been 
recalculated on alternative bases and the results are shown in Table 2.2. 

It is clear that the choice of interest rate and amortisation period has 
considerable effect on cost per student. In the ease of Mechanical Engineering the 
difference between 7 % over 50 years, (as used 'in this- report) and 10$ over 60 years 
(as used by the D.E.S, in Planning Paper No. 2) amounts to £388 per student over the 
four years of the course. 



Table 2,2 Cost per Student in Relation to’ Interest Rate 

and Period of /amortisation 

(Mechanical Engineering, 1966-67) 





In tores 
7 %/ 50yrs 


t Rate and j 
10 %/ 60 yrs 


I'uiortisatio. 

5%/l00yrs 


n Period 
15%/20yrs 


(1) Capital <2: Maintenance Costs 

(2) Other Costs 

(3) Total Cost per Student 

( 4 ) Capital & Maintenance Costs 
as a proportion of Total 
Costs (1) x 100 / (3) 


£1548 

1862 

3410 

45% | 

i 


£1936 

1862 

3790 

| . 51% 

1 


£1287 

1862 

3149 

41% 


£2619 

1862 

4431 

58% 



The rate of interest and period of amortisation seem to us reasonable, but neverthe- 
less to some extent they are arbitrary, and other, equally reasonable, values might 
have been chosen. ■ 

In summary, the capital element of the costs quoted in Chapter 3 must be 
treated with caution, since they are imputed costs not market-determined costs, and 
are based on a number of arbitrary and partly subjective estimates. 

The annual costs of the services of teaching equipment and library books 
are also somewhat arbitrary , based on the assumption that the average new purchases 
in a year represent the annual value of the accumulated stock. In the absence of 
any valuation of the stock of teaching equipment and books, there is no alternative 
to a figure based on annual additions to the stock. Nevertheless, it means that these 
figures also must be treated with caution. 

When one considers the distribution of costs between different disciplines 
further reservations must be expressed. The distribution of academic staff time bet- 
ween undergraduate work and other activities, which is crucial to the distribution 
of many items- .of cost,; is based entirely on a diary covering a two-week period in 1968, 
and on estimates of vacation activities mad© by the Robbins and Hale committee in 1963. 
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However accurate th*«e figures may have been at the time, they are always liable to 
change over time. Our quoted cost figures assume the continued validity of distri- 
bution of staff time* Furthermore the distribution of academic staff time between 
different undergraduate disciplines is based on the relative amounts of timetabled 
teaching » It is assumed that time spent in preparation and marking is proportional 
to actual teaching time as between different courses, but we have no conclusive 
proof that this is so. Similarly technical otaff time is distributed in proportion 
to timetabled laboratory periods, although it may bo the ease that the technical staff 
back-up varies between different laboratory meetings. 

The division of teaching equipment and materials costs between under graduate 
and other activities is based on proportions derived from the Form 3 returns to the 
U.G.C, These ar© themselves based on partly-subjective estimates made by professors. 

The allocation of many central costs, both actual expenditures and the 
imputed costs of accommodation, equally over all students (with some limited weighting 
of postgraduates and students on sandwich courses) is also arbitrary to some extent. 

The cost figures quoted in Chapter 3 represent the best attempt that could 
at the present be made to evaluate the resources used by different undergraduate., 
courses. It has been necessary to make certain assumptions and some relatively 
arbitrary allocations. These do not invalidate the figures but Imply caution, in the 
use to which they are put. 
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CHAPTER 3 

UNIT COSTS OF UNDERGRADUATE COURSES AND THEIR PRINCIPAL OQI4PONENTS 

In this chapter we look at the items making up the cost of students on 
different courses* and consider the principal variations between courses* 

Detailed cost figures are given in Appendix 2* where for each undergraduate 
course the total cost and. the cost per student are shown. These are broken down by 
year of course and by item of expenditure. Appendix 2 also shows* for each course* 
the proportion of total cost-per-student that each item constitutes. 

Table 3.1 below shows the cost per student for each course. The costs cover 
all years of the course* and so represent the' cost of teaching one student for the full 
three* or four* years of the course. They are broken down to show the relative pro- 
portions oft 

a) capital and maintenance costs* 

b) teaching costs* 

g) administrative* library* student facility, • • 
general and miscellaneous expenditures. 

Only the proportion of capital, teaching and administrative costs directly applicable 
to undergraduate instruction is included. Academic staff time and building space 
attributable to other objectives are excluded as described in Chapter 2, 

Courses are arranged in two groups: those with substantial laboratory 

teaching* and those without. 



Table 3.1 Total Cost per Student 
(1969-70) 



Coots© 


Capital and 
Maintenance 
Costa 


| Teaching Costs 


i Administrative, 
Library, Student 
Facility* General 
<Se Misc, EjqDendit. 


Total 

Cost 

Per 

Student 


£ 


% of 
Total 


£ 


: % of 

! _ Total 


£ 


% of 

Total 


£ 


Laboratory Baaod. Courses 
















Chemical Engineering 


908 


35 


1089 


43 


560 


22 


2557 


Civil Engineering 


1030 


41 


956 


30 


523 


21 


2509 


Electrical Engineering 


1270 


36 


1769 


49 


556 


15 


3603 


Industrial Technology* 
















Mechanical Engineering 


1760 


44 


1679 


42 


544 


14 


3991 


Applied Biology 


049 


27 


1639 


53 


622 


20 


3110 
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• . . • .continued 




One would expect there to bo differences in cost between courses due to 
the nature of the subjects taught, and especially to the amount of laboratory space 
and equipment required. Thus classroom based courses are considerably cheaper 
(£1632 - £2386 per student over all years of the course) than laboratory based courses 
(£2509 « £3991) . The comparison is even more marked than appears from the ranges 
alone. If one excludes Chemical Engineering (whose undergraduate course in fact, 
includes little laboratory work as this ** mostly done during the industrial training 
period) and Civil Engineering (who have £ ibsequently moved into a new building witn 
more laboratory space) -the range of costs for laboratory based courses. narrows to 
£2999 - £3991. Within the category of laboratory baaed courses there is no axxieren e 
in cost between engineering and pure science courses as such, which is perhaps sur- 
prising. 



Of the three elements of cost distinguished in Table 3.1, capital and main- 
tenance costs' vary between £849 and £1915 in laboratory based courses and £548 and 
£90? in classroom based courses? in general capital and maintenance costs in la ora- 
tory based coiu’ses are approximately double those xn classroom based courses. 

Teaching costs range between £956 and £1874 in laboratory based courses and 
between £419 and £748 in classroom based courses? again costs in laboratory based 
courses are approximately double those in classroom based courses. 
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Administrative, library, student facility and general expenditures range 
from £504 to £672 in laboratory based courses , and from £599 to £820 in classroom 
based courses. 

Table 3*2 correlates each of the three cost-heads with total cost per 
student, analysing laboratory based and classroom based courses srsparately, As one 
might expect, there are significant correlations between total cost per student on 
the one hand, and both capital and maintenance costs and teaching costs on the other. 

Table 3*2 Correlation of Cost-heads with Total Cost-per-Student 



Coat Head 


Laboratory-based Course©! 


-Classroom-based Courses 


All Courses 


Correlation 

Coefficient 


Signifi- 
cance P 


Correlation 

Coefficient 


Signifi- 
cance P 


Correlation 

Coefficient 


Signifi- 
cance P 


Capital and 
Maintenance 
Costs 


0,8029 


<0.01 


0.9424 


<0.02 


0.9013 


<0,01 


Teaching 

Costs 


0.7046 


<0.02 


0.8082 


<0,10 


0,9187 


< 0.01 


Administra- 
tive, Lib- 
rary Facil- 
ity, etc 
Expend! t « 


0.2735 





0.5463 




-0,3875 


. 



Despite these high correlations, there are differences between courses in 
the proportion that each cost-head constitutes of total cost per student. Capital 
and maintenance costa vary between 27% and 49% in the case of laboratory— based courses, 
although two-thirds of the courses are in the range 34% to 44%! £° r cl&ssroom-based 
courses the range is only 31% to 39% * 

Teaching costs vary between 34% and 53% in laboratory based courses and 22% 
and 35% in classroom based courses. 

Administrative, library, etc. e^qpenditures vary between -13% and 42 %, giving 
insignificant correlations. One would expect poor correlations for this group of costs 
as in absolute terms it varies less between courses | indeed one can conclude that the 
wide range in the proportion of this category to total costs reflects changes in the 
absolute ai^e of capital and teaching costs. 

It is instructive to note the differences in cost between apparently simi- 
lar courses, especially the capital and maintenance item. Chemistry 1 a capital and 
maintenance cost is £1915 per student whereas Applied Biology’s is only £849, less 
than half as much. Mechanical Engineering (operating a thin sandwich course with 
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two strident entries a year and a 42 -week total teaching year) has capita! and main- 
tenance coats of £1768 whereas* perhaps surprisingly* in Civil Engineering (operating 
a thick sandwich single entry course for only 30 weeks of the year) it is only £ 9 OS# 
Similarly there are substantial differences in teaching costs between courses* Mater- 
ials Science (£1874) being twice as expensive as Civil Engineering (£956) in this 
respect • 

Direct _ Cost Components 

We now concentrate attention bn the direct costs of each course $ that is* 
those items of cost that can be directly attributed to particular courses* as opposed 
to central costs which must be allocated as overheads. 

These direct costs are shown in Table 3*3 and consist of; 

(1) Capital and maintenance costs of classrooms and 
teaching lab or at or io a (Col, 1) 

(2) Academic staff expenditures (Col, 2) 

. (3) Technical staff expenditures (Col* 3) 

(4) School secretarial staff expenditures* plus capitaj- 
and maintenance costs of offices for academic and 
school secretarial staff (Col, 4) 

(5) Teaching equipment costs and expenditures on 
materials (Col. 5) 

Total direct coat per student is shown in Col* 6 * and the proportion that this com- 
prises of total cost per student is shown in Col, 7* The proportions that the res- 
pective items constitute of total direct cost per student are also shown** 



Table 3.3 Direct Cost Conmonenta 



Course 


Teaching 

Space 

. ( 1 ) 


Academic 

Staff 

( 2 ) 


! Technical 
Staff 

(3) 


Secretarial 
Staff plus 
Offices 

(4) 


, Equipment 
and 

Materials 

(5) 


Total 

Direct 

Costs 

( 6 ) 


% of 

Total 

Cost 

(7) 


Laboratory 
Baaed Courses 


£ 


% • 


£ 


% 


£ 


% 


£ 


: % 


£ 


% 


£ 


% 


Chem. Eng# 


580 


32 


617 


34 


204 


11 


128 


7 


268 


15 


1797 


70 


Civil Eng. 


613 


37 


458 


28 


240 


14 


93 


6 


253 


15 


1662 


66 


Elec, Eng. 


882 


• 32 


1073 


38 


352 


14 


144 


4 


344 


12 ■ 


2795 


77 


Meeh, Eng # 


1388 


44 


981 


31 


452 


14 


120 


3 


240 


8 


3187 


79 
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Teaching 


Academic 


ToOhilleQ.X 


Secretarial 


I 

Equipment 


[ Total 


% of 1 


Course 


Spac e J 

! 


Staff 


Staff 


Staff plus 
Offices 


and 

Materials 


L Direct 
Costs 


Total ' 
Cost 




( 1 ) 




(2) 




(3) 


( 4 ) 


(5) 




(6) 


(7) 




£ 


% 


”1 

£ 


cl 

P 


£ 


% 


/> 

l 


% 


£ 


1 % 


£ 


% 


App, Biology 


416 


19 


946 


43 


339 


15 


145 


7 


354 


16 


2200 


70 


Pharmacy 


1026 


42 


549 


22 


474 


19 


114 


5 


306 


12 


2469 


75 


Chemistry 


1482 


49 


600 


20 


432 


14 


187 


6 


300 


10 


3001 


77 


Colour Ghem, 


1465 


47 


785 


25 


432 


14 


156 


5 


300 


9 


3138 


80 


Mat, Sci, 


61S 


23 


982 


37 


t.no 

-f • — 


18 


164 


6 


420 


16 


2656 


70 


Opthalmio 

Optics 


624 


28 


815 


37 


354 


16 


123 


5 


315 


14 


2231 


74 


App , Physics 


859 


32 


743 


28 1 


472 


18 


164 


6 


420 


16 


2658 


72 


Textile Sci, 


777 


34 


696 


30 


468 


20 


224 


11 


126 


5 


2291 


73 


Classroom 
Based Courses 


























Business 

Studies 


284 


24 


486 


a 


42 


4 


204 


17 


165 


14 


1181 


56 


Mod, Lang, 


258 


22 


624 


53 


64 


5 


176 


15 


60 


5 


1182 


50 


Soo# Sci, 


188 


24 


406 


52 


18 


2 


114 


15 


51 


6 


777 


47 


App, Soo, 
Studies 


116 


17 


327 


49 


24 


4 


! 136 


20 


68 


10 


671 


35 


Maths . 


339 


27 


652 


52 






172 


14 


92 


7 


1255 


55 


Stats, 


126 


14 


544 


62 




t “ 


144 


• 16 


69 


! s 


883 


50 



It may bo aeon from Table 3,3 that direct coats form 66 % to 80% of total 
cost per student in laboratory-based courses and 35 % to 56 % in clasBroorri-bnsod courses* 
Overhead costs thus represent a high proportion of total cost per student. In absolute 
terms the relative costliness of laboratory based courses is more marked in terms of 
direct costs than in terms of total costs j thus dir ect costs in classroom based courses 
range from £671 to £1255 per student, whereas those of laboratory based courses vary 
between £1662 and £ 3137 , approximately two and a half times as much. 

Table 3 , 4 presents averages, weighted by the number of students on each 
course, of the components of direct cost for laboratory based and classroom based 
courses. 

With the exception of secretarial staff and academic and secretarial offices 
(Col. 4 ) each item of direct cost is greater for laboratory based than for classroom 
based courses; teaching space cost per student is four times greater, academic staff 
expenditure 50% greater, technical staff expenditure twelve times greater, and equip- 
ment and materials costs twice as great* 
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Table 3*4 Direct Cost Components - Weighted Averages of 

Gost^per^Student 



; j 

1 i 

f 

i t ' 

i ; 

i 

s 


| Teaching j 
j Space ' 

i i 

\ (D j 


Academic j 
Staff* ! 

i 

(2) j 


Technical | 
Staff j 

(3) | 


Secretarial! Equipment 
Staff plus | and 

Offices ] Materials 
(4) 1 (5) 


Total 
Direct | 
Costs 1 

(6) j 


| 

! Laboratory 
i Based Courses : 
j Cost per 
( Student 


i 

! £885 ; 


4 

i 

1 

i 

£741 | 


£368 1 


£135 


* 

; i 

j £295 


t 

! j 

£2424 | 


■ % of total 

i direct cost 


: 37 1 


31 ; 


1 5 


5 


12 

f 


i 

1 

\ 


| Classroom 
| Based Courses; 
j Cost per 

j Student 


i 

f 

1 

I 

£226 ; 


i 

i 

i 

j 

£496 | 


j 1 

I 

! j 

1 £ 29 


£149 


i 

i 

| £130 


{ 

{ 

j 

£1030 i 


j % of total 

l direct cost 


i 

! 22 * 


j 

48 | 


l * 

: 3 ' 


14 


1 13 
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Within the two groups, however, there are c onsi ! ©rable differences between 
individual courses, as can be seen in Table 3.3, The cost of teaching space varies 
between £416 per head in Applied Biology and £1482 in Chemistry; Academic Staff Cost 
per student varies between £458 in Civil Engineering and £1073 in Electrical Engineer* 
ing; Technical Staff Cost varies between £204 in Chemical Engineering and £474 in 
Pharmacy; and Equipment and Materials Cost varies between £240 and £420, ( in the 

latter case, Textile Science may be discounted as it shares its laboratories and 
equipment with the local authority technical college.) There is less variation from 
the average amongst the classroom based courses. 

Table 3,5 correlates each of the items of direct cost with total direct 
cost per student, anal ysing laboratory based and classroom based courses separately. 
It can bo seen that teaching space cost and technical staff cost are both strongly 
correlated with total direct cost, and that, to a lesser extent, academic staff cost 
is significantly correlated with total direct cost, particularly for classroom based 
courses* The high correlation of equipment and materials cost with total direct cost 
over all courses must bo treated with caution in the light of the insignificance of 
the correlation for laboratory based courses. 



Table 3,5 Correlat i on of Individual Items of Cost 
With Total Direct Cost nor Student 



Item of 


1 Laboratory-based 
Courses 


Classroom-based 

Courses 


All Courses 


Cost 


Correlation 

Coefficient 


Signifi- 
cance P 


Correlation 

Coefficient 


Signifi- 
cance P 


Correlation 

Coefficient 


Signifi- 
cance P 


Teaching 

Space 


0,8169 


<0.01 


0,9156 


<0,05 


0,9133 


<0.01 


Academic 

Staff 


0,4902 


| 


0,8528 


<0,10 


0.7344 

1 


<0,01 


Technical 

Staff 


0.7235 


<0.02 


0,8628 


<0.10 


0.9275 


<0.01 


Secretarial 
Staff plus 
Offices 


0.3228 


1 


0.8496 


<0.10 


0.0619 


— 


Equipment & 
Materials 


j 0.1924 

} ’ 


f 

f 

i — 

* 

t 


0,5190 


— 


0.7927 


<0.01 



In Appendix 2 the costs of teaching accommodation for each course are 
shown for classrooms and laboratories separately. On average laboratory cost per 
student is six times greater than classroom costs in laboratory based courses; in 
non-laboratory based courses, classroom costs are five times greater than laboratory 
costs. 
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As one would expect * laboratory coot per student is closely related to the 
area of teaching laboratories in the school running the course. For undergraduate 
courses. the coefficient of correlation is 0.3639 which is significant at the 1% level* 
Similarly there is a close relationship between the classroom and laboratory area 
per student in different schools of study* and classroom and laboratory coat per 
student. A coefficient of 0*3562 (significant to 1$) was found for laboratory based 
courses* Variations in the capital and maintenance cost per square foot of different 
buildings* and differences in the level of utilisation of laboratories in different 
schools of study* prevent perfect correlations. The problem of improving the level 
of utilisation and its effect on cost per student is considered in Part 5 of this 
report. 

It is clear from the figures quoted so far that laboratory costs are a 
highly significant element of cost per studnnt* and that economies in laboratory cost 
per student win have a substantial proportionate effect on total cost per student* 



SUMMARY — The Structure of Costs 



The structure of the unit coat figures may be summarised in broad terms as 

follows s 



(a) Laboratory baaed courses 



Teaching accommodation 
Academic staff 
Technical staff 
Equipment and Materials 
Secretarial staff* and offices 



almost 40/S of direct cost 
about 30/6 of direct cost 
about 15 % of direct cost 
about 10% of direct cost 
about 5 % of direct cost 



To the direct cost must be added an " overhead 51 of £750 to £1000 (approximately 
20 % to 30$ of direct cost) representing the cost of the library* central administration* 
student facilities* etc. The absolute amount of the overhead cost varies according 
to the length of course and whether there are one or two intakes of students each year* 



(b) , Cl assroom based courses 



Academic staff 



* about 50 % of direct cost 



Teaching accommodation - about 20$ of direct cost 

Equipment & Materials - about 15$ of direct cost 

Secretarial staff* and offices - about 15% of direct cost 

To the direct cost must be added an "overhead" of £850 to £1000 ( approximately 
50$ to 65$ of direct cost.) The reason for the absolute size of the overhead cost 
being so much greater for classroom based courses* is that library expenditure per 
Student is approximately 3 times greater for students or, these courses than for labo- 



ratory based students* 
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Organisation of the Course 

So far we have d I fs =h inguis hed between courses on whether they were laboratory 
baaed or not, A further useful distinction is by the length and broad structure of 
the course^ and to ^Kis end five oatogorioa can bo distinguished; 

(1) Conventional 3-y©ar courses i 

Pharmacy 

Mathematics and Statistics (B,5c, Ordinary) 

Gpthalmie Optics 

Business and Administrative Studies 
Social Sciences 

Students on these courses spend the whole of their time (9 full terms) 
in the university, 

(2) Conventional 4-year courses: 

Applied Social Studies 

Students are university-based for 4 full years (12 torms) although in their 
3rd and 4th years there are short interspersed periods of practical training 
outside the university* 

(3) Thick-Sandwich courses; 

Civil Engineering 
Applied Biology 
Mathematics (Honours) 

Statistics (Honours) 

Textile Science and Technology 

Students spend years 1, 2 and 4 in’ the university (9 terms) and year 3 
in industry* 

(4) Thin-Sandwich aingle^entry courses: 

Colour Chemistry and Colour Technology 
Chemistry 

Industrial Technology 
Materials Science and Technology 
Applied Physics 
Modern Languages 

Students spend a total of 9 terms spread over 4 years in the university* 
interspersed with continuous periods in industry or abroad. The actual 
timing of the terms spent away from the university varies between courses. 
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(5) Thin— Sandwich Double— Entity courses; 



Chemical Engineering 
Electrical Engineering 
Mechanical Engineering 

Students spend a total of 8 or 9 terms spread over 4 years in the university* 
interspersed with continuous periods in industry. There are two annual intakes 
of students and industrial training and university teaching is so organised that 
the students from one intake are in industry whilst the others are in the uni- 
versity, thus increasing the annual throughput of students compared with a single 
entry course* University buildings and equipment are in use for 42 weeks of the 
year instead of 33 . 

In Table 3*6 total cost per student and direct cost per student for each 
course are grouped by type of course, and averages* weighted by the number of students* 
are shown for each group. 



Tabl e 3.6 Total Cost per Student and Direct Cost uer Student 

for Different Types of Courses 





Laboratory-based Courses 


N on— Lab orate ry 


-based Courses 


Type of Course 










Total Cost 


Direct Cost 


Total Cost 


Direct Cost 






per Student 


per Student 


per Student 


per Student 


G (JtTVMj TI DUAL 
3-YEAR COURSE 


* 

£ 


£ 


£ 


£ 


Pharmae y 


3294 


2469 






Qpthalniie Optics 
Business Studies 


2999 


2231 


2114 


1181 


Social Sciences 






1632 


777 


AVERAGE 


3228 


2416 


1743 


870 


CONVENTIONAL 
A-YEAR COURSE 










Applied Social 
Studie s 






1907 


671 


THICK-SANDWICH 










COURSE 










Civil Engineering 


2509 


1662 






Applied Biology 


3110 


2200 






Textile Science 
Statistics 


3156 


2291 


1775 


883 


AVERAGE 


2.791 


1923 


1775 


883 



. • * • .continued 




3.9 



i#2 





Laboratory— based Courses 


Non-Laboratory 


-based Courses 


Type of Course 


Total Cost 


Direct Cost 


Total Cost 


; Direct Cost 




per Student 


per Student 


per Student 


per Student 


THIN-SANDWICH } 
SINGLE-ENTRY 


£ 


£ 


£ 


£ 


Chemistry 


3874 


3001 






Colour Chemistry 


3918 


3138 






Materials Science 


3680 


2656 






Applied Physics 
Modern Languages 


3682 


2658 


2386 


1182 


AVERAGE 


3806 


2891 


2386 


1182 


THIN- -SANDWICH, 
DOUBLE-ENTRY 










Chemical Engineering 


2557 


1797 






Electrical Engineering 


3603 


2795 






Mechanical Engineering 


3991 


3187 






AVERAGE 


3265 


2471 







(Industrial Technology ? Mathematics , and Mathematics & Statistics are excluded 
because of limitations on the data.) 



One must be cautious in drawing conclusions from the figures in Table 3*6 
about the difference in costs between the groups of courses* because of the small 
number of courses in each group and the wide range of value© within some of them* 

Cost difference© between the groups may he the result of the type of course* but it 
is possible that the t bin-sandwich, single-entry courses (the costliest group) are 
inherently the most expensive due to other factors. 

Since* if we disregard Applied Social Studies* all the courses involve 
the equivalent of 8 or 9 terms in the university spread over 3 or 4 years* one would 
not expect the cost of academic and technical staff per student to differ between 
groups* nor expenditure on materials * One would however expect that the cost per 
student of classrooms and teaching laboratories would be less in those courses where 
accommodation and equipment was used for more than the traditional 53 weeks per 
yearf that is* in the t hin-sandwich , double— entry courses. We see from Tables 3,3 
and 3*4 that the average cost of teaching space per student in laboratory based courses 
is £S85 whereas for the 3 double-entry courses it is £580 in Chemical Engineering* 

£882 in Electrical Engineering and £1388 in Mechanical Engineering, One cannot con- 
clude from the observed coats of different courses that thin-sahdwich, double-entry 
courses are* in themselves * cheaper than other types of courses. However in Part 5 
we ©hall consider the extent to which certain courses might become cheaper if their 
structure© were swl vohed from single to double entry. 
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Table 3*7 Relationship of Cost to Teaching Load 



O 

ERLC 



i 

1 




Costs and the Voltnne of Teaching 

In an Ideal situation, where the allocation of resources was perfectly 
related to the demands made by courses for staff and teaching accommodation, one 
would expect various items of cost per student to be related to the amount of 
teaching hours given. 

In Part 4 of this report we consider a method analysing the teaching strue* 
ture of courses in order to calculate the amount of staff and teaching accommodation 
required. In the present chapter we simply observe the present situation to see 
whether there is any relationship. Wo have calculated from time tables the total num- 
ber of teaching hours given to students on all years of each laboratory based course 
1969-70. This teaching load, divided by the number of students on the course Is 
shown in Table 3.7, together with the academic staff cost per student, the teaching 
accommodation cost per student, the total direct cost per student and the area of 
t caching accommodation per student* 

There appears to be no systenatie relation between any of these Items of 
cost and the teaching load imposed by different courses. Mot only does the total 
teaching load per registered student vary widely between courses (from 16*9 to 74*3 
hours per yecr) reflecting differences in the contact hours each student receives 
and the si^e of teaching meeting, but the allocation of staff and teaching accommoda- 
tion to schools of study to meet these teaching loads also varies greatly, implying 
differences in the average teaching load per member of staff and In the degree of 
utilisation of teaching accommodation between schools of study. 



A Broad Division of Costs 

It is interesting to note the distribution of costs between academic, admin- 
istrative, and what might be termed ^welfare 11 . functions. 

Administrative costs include both current expenditure on administration and 
the annual capital and maintenance costs attributable to administrative offices* W W©3/- 
fare* 1 costs include the capital and maintenance costs ..attributable to student and staff 



Table 3*8 Academic. Administrative and Welfare Costs 



“ “ 3 


[ L db orator y-ba 8 ed Courses 


Classroom-based Courses 


Cost-head j 


| £ per student year 


3 

% ; 


£ per student year 


% 


Academic Costs 


657 


75 


316 


57 


Administrative Costs 


109 


13 


in 


19 


Welfare Costs 


103 


, 12 


138 


24 


TOTAL 


j. 869 


; loo 


565 


100 

i — 
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Note: The lower welfare cost for laboratory based courses reflects the 

greater number of sandwich courses in this group. Students on thin 
sandwich courses use facilities for only half the year, and costs 
have been attributed accordingly* 



facility space such as the Student's Union, common rooms, refectories, residential 
accommodation, health services, etc* (after allowing for the revenue raised by them) 
and net current expenditure on these items. All other costs are treated as academic. 

It is clear that welfare costs constitute a significant proportion of total 
cost per student, and the possibility of charging staff and students a more nearly 
economic price for them, would merit further investigation. 
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PART 3 



THE GENERATION OF ACADEMIC ST 11 FP REQUIREMENTS FOR INDIVIDUAL COURSES 



In Part 3 we describe a method of calculating the number and cost of aca- 
demic staff required to teach a single course, and study how these vary at different 
levels of enrolment and with different teaching methods* Several individual courses 
are studied in detail, and the teaching processes involved in them are defined in such 
a way that the number and cost of academic staff required can bo calculated. The 
method enables valid comparisons to be made of the relative costs of teaching a 
course with various enrolments and teaching methods. The results are compared with 
the 1969-70 unit economic costs presented in Part 2. 

Chapter 4 describes the way in which the teaching structure of a course 
is defined, how the number of teaching meetings and academic staff requirements and 
costs are calculated, and how the potential economies of changing enrolments and 
teaching methods are measured and expressed. 

In Chapter 5, the level of enrolment on each course if increased by steps 
of ono student up to at least double the present intake, and in the case of vary 
small courses to four or five times the present intake . In each case it is found 
that expansion is associated with a loss than pro rata growth in academic staff 
requirements, based on teaching-hours commitments. 

In Chapter 6, the method of teaching each course is varied, through cnanges 
in total contact hours received by each student, relative balance of lectures, tuto- 
rials and seminars, the number of optional subjects, and the sise of teaching group. 
Alternative costings are produced for each course as these parameters vary, in order 
to identify potential economies. 

In Chapter 7 , the average teaching load of staff is increased, and the 
effects of various increases on staff costs is measured. It is found that scope 
exists for increasing teaching load at a time of expansion, and that substantial 
economies would accrue. 
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CHAPTER L 



THEORETICAL BASIS FOR I4EASURING AMD COSTING -iCADBilO STaFF REQUIREMENTS 

The teaching function of the university requires academic staff commitment 
to formal classroom hours , preparation, correction of student submissions, interview 
outside the classrooms, ana examination of students, as well as sundry administrative 
work. Of this commitment, the major portion is concerned with formal teaching meetings. 
In this study attention is confined to academic staff related directly to this formal 
contact* 

In this chapter a method of building up total teaching-meetings hours, by 
type cJ meeting is developed. Then we describe how this i£ translated into staff 
numbers and costs. 



l) Notation 

Sj = Number of students enrolled on year j of a course 

3 — 2. Sj (total enrolment on all years of the course) 

Tij — full-time equivalent academic staff required for each type 
of teaching meeting, i, in the jth year of the course 

T = 21 Tij (total full-time equivalent academic staff required 
for the course) 

r = staff t student ratio (S/T) 

t » average teaching load per staff member (in hour*, per year) 

Cij = contact hours per student per terra-time week, of each 

type of touching meeting i in the jth year of the course 

Wj “ number of teaching weeks per year in year j of the course 

gi — maximum size of each type of meeting i 

Gij = number of - groups into which students are divided for 
each type of meeting i, in the jth year of the- course 

Mij = total number of meetings, in hours, of each type of 
meeting i, in the jth year of the course 

M - 2- Mij (total number of meetings of all types for all 
years of the course) 
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X = aurora go annual expense (salary, superannuation and insurance / 
par academic staff member 

Z = Full academic staff cost of tho course, per year (no deduction 

is made in respect of that proportion of time devoted to research) 

2) Basie Relationship . . 

On the one hand the number of meetings must equal the number of staff mul- 
tiplied by the average annual teaching loads 

M = T.t - (1) 

On the other hand, the number of meetings must equal the annual number of 
contact hours per student multiplied by the number of groups into which students are 
divided. For each type of meeting (lectures, classes, tutorials and laboratories) 
in each year of the courses 

Mij - Cij , Wj . Gij (2) 

The number of groups equals the number of student© divided by the maximum group sisei 

Gij - JL + i ■ (3) 

gij 

such that if Sj/gij is not an integer its value is increased to the nearest integer 
above. 

Combining equations (2) and (3) : 

Mij — Cij x Wj x ( S.i + 1) (4) 

gij 

These are summed for al 1 types of meeting and all years of the course to obtain the 
total number of meetings' required for the course: 

M = (Cij , Wj , ( S.i * 1) (5) 

gij 

For any given permutation of student enrolment, group size, contact hours 
and staff teaching load, the number of aca iemie staff required is defined by com- 
bining equations (1) and (5) s 

T = ^(Ci.i . W.i „ ( (Si/eii ) + D) (6) 

t 

Figure 4*1 illustrates the relationship between .student numbers and staff 
numbers, and how this is affected by group size, number of contact hours, and staff 
teaching load* In order to simplify the graph it is assumed that the course is a one 
year course only and consists of one type of meeting. 
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Sector (i) describes the i ationship between student © nrolment in a year 
of a course and the subsequent nuinl of groups necessary. This operates via Lhe 

maximum group size, here called g. The student enrolment is expressed in units of 
this group maximum. 

Sector (ii) relates the number of groups to the total number of meetings 
to be provided, via the contact hours received per student. This latter element is 
represented by the function M — G.W.G, (in order to generalise the equation, it should 
strictly be of the form MiJ “ Gij.Wj.Gij,) 

Sector (iii) rale tus the number of meetings to be provided to the number 
of full-time equivalent academic staff, via the average teaching load of staff, 
represented by the function T =s M/t (Strictly Tij - Mi j/t) , 

Via this graphical representation we can trace the effects on the staff re- 
quirements of changes in student enrolment, the maximum .size of the group, contact 
hours per student, and teaching load of staff* 

In Figure 4.1 student enrolment is initially S 1 , With a class sis© of g 
three groups must be formed. With contact hours per student of this necessitates 
Ml total meetings. With teaching load — t^ , tho full— time equivalent staff requirement 
is Tl * An expansion of student enrolment to 3^ within this situation can be catered 
for with the existing number of meetings and so loaves other variables unchanged* The 
additional students are incorporated into the existing groups. However when student 
numbers increase to s3, a fourth group must be formed and this loads to m 3 total 
meeting a and T-3 full-time equivalent staff. 

The maximum si so of a group determines the relationship between student 
enr olment and the number of groups* In sector (i) the solid line is valid only 
when the maximum group size is g 9 If the maximum group si zb is raised to 2g, then 
the relationship is expressed by the broken line g2* if contact hours per student 
remain O'! , student enrolment of S 1 , S 2 and s3 now generate only m 4 meetings and require 
only T4 full-time equivalent stuff* One extreme of group size is the individual 
tutorial, where g — 1, in which case, the number of groups is in direct proportion 
to the student enrolment • The other extreme is the lecture where no class maximum 
operates over the feasible range of student intake, and hence g in sector (i) will 
be a horizontal straight line, with student enrolment having no influence on the 
number of g; jups . 

Variation in contact hours per student has a direct proportional effect on 
total meetings* With S3 students and g group size, a fall from G* to c2 in contact 
hours per student causes the number of meetings to fall from m 3 to Ml , and the number 
of staff to fall from T3 to ll. 

Variation in the average teaching load inversely affects the number of staff 
required* If m 3 meetings are given, then an increase in teaching load from t 1 to t^ 
causes the staff requirement to fall from t 3 to T4 # 
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Staff /Student Ratio 

per student e( " mtxons (4) and (5). the staff c ommitment in formal teaching hours 



M 



Min 



iCii.W.j.fS.i/gii + 1) 



(7) 



,, equations ( 6) and (7) derivation of a staff/student ratio in terns 

ol the variables determining staff resources required is now possibles 



r = § 

f 



S.t = 
M 



S.t 

(Cij,¥j,(sj/gij + 1)7 



(s) 



3) Classification of Teaching Methods 

of a n„r*p! C !!f 0lS ° f StU f y 111 University of Bradford have been asked in respect 
of a number of courses^ to provide basic information on course structure. Each course 

rials^Thf 0 ^^ 0 ^ nd ^ Vidua i SOrieS of teaGhln d meetings, including personal tuto- 
rialo. The typos and sises of meetings identified are listed in Table 4,1. 



Table 4,1 Classification of Teaching Methods 



i classification 


Description 


Maximum group size gi 


. i 

. 


Lecture, 


Wo maximum 


2 

3 

4 , 


Exercise classes with discussion of 
problems | sometimes including a 
lecture 


50 

40 

30 


5 

6 
7 


Discussion classes, or 
Lecture / Discussion 


25 

20 

15 


8 

9 

10 


Seminars, or 

Small group discussion 


H 

12 1 

8 ! 

6 


11 

12 


Tutorials 


4 

1 



. , • , .continued 
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i classification 


Description 


Maximum group size gi 


13 


Practical classes in laboratories. 


60 


14 


Although asked for an Educational 11 


50 


15 


opinion on the maximum number a!- 


40 


16 

17 


lowable in a class, maximum quoted 


30 ! 


seems often to be determined by the 


20 ; 


13 


eiao of laboratories in existence* 


13 


19 


Since no new laboratories are likely 


12 


20 


to fee built 1 in 1971/77 these esti~ ; 


6 




mates are for all practical purposes 
equivalent, j 

i 





Data was also obtained from Schools on weekly 1 and annual contact hours for 
each series of meeting* Each course was described in the manner oxampli f i ed for the 
first year of the undergraduate course in Civil Engineering in Table 4,2, 



Table 4*2 Civil Engineering First-Year Course Structure 



Mo, of weeks 
in year 
Wj 


No, of students 
1970-71 
Sj 


leaching Method 


Maximum 
Group Size 
Gij 


Contact -Hours 
per week 
Ci,j 


i 


Description 


33 


66 


1 


Lecture 


No*max« 


10 






3 


Exercise Class 


40 


1 






4 


Exercise Class 


30 


2; 


I 


6 : 


Discussion Class 


20 


2.5 j 


1 




15 


Laboratory 


40 


6.5 ] 



This description of a course is henceforth referred to as the 11 course 
structure 11 * 



4) Method, of Calculating Academic Staff Requirements and Cost for a Course 

Irom the data in Table 4*2 we calculate for each component of the course 
the number of groups necessary (Gij) and the total number of meetings per year (Mi j ) * 
The number of meetings can then be summed for all components and all years of the 
course^ to obtain the total academic staff commitment to the course, in terms of 
teaching hours per year. The results for Civil Engineering are shown in Table 4,3* 
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Table 4.3 Civil Engineering First-Year Teaching Commitment 



Teaching Method 


Humber of Groups 
Necessary 

= <s?> . 


Total Number of 
Teaching Meetings 
per year 

M±j=Gij ,Cij ,Uj 


i 


Description 


1 


Lecture 


i 


330 


3 


Exercise Class 


2 


66 




Exercise Class 


3 


193 


6 


Discussion Glass 


4 


330 


15 


Laboratory 


2 


429 




TOTAL 




1353 



Since this set of simple calculations must be repeated many times for each level of 
enrolment, and for all the variable parameters relating to teaching methods, a computer 
program has been prepared to do this, 1 A statement of the course structure as defined 
in Table 4,2 forms the data for this program, which then computes the number of meet- 
ings required at successive levels of enrolment. By varying the data to represent 
alternative course structures, it is possible to analyse the . effect of altering each 
of the variables, on the total : umber of meetings. 

. Figure 4,2 illustrates the way in: which the results will be presented in 
Chapters 5, 6 and 7. The number of teaching meetings required is plotted against? 

i) alternative levels of enrolment, with the existing 
course structure (Figure 4.2a) 

i±) alternative total number of contact hours, with the 
. existing enrolment (Figure 4.2b);. . 

iii) alternative combinations of teaching method, with 
the existing enrollment and total of contact hours 
(Fig - , ire 4.2c) 

iv) alternative number of optional subjects, with the 
■ existing enrolment and combination of teaching 
methods (Figure 4. 2d) 

v) alternative sizes of teaching groups with the existing 

enrolment and combination of teaching methods (Figure 4-2o) 

. ’ . '« f Tho measure of the *n 1Trr tber of teaching meeti-n^s can bo us ed. in t wo waysi 

a b an intermed into step t awards c ale u__at in/? the number of a c ademic s ta f f r eq u ir gd f 
and as an index of the cost of academic staff for the course* 
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It Is apparent from Figure 4*1* sector (ill) that if a standard teaching 
load (t) ean be evaluated, then the number of staff required can be derived from the 
number of meetings given* Re-arranging equation (1) in the form: 



T 



M 

t 



(9) 



we see that the number of staff is obtained by dividing the number of meetings by the 
standard teaching load. Although there are problems in fixing a value to t, this , . 
method is adopted in preference to the alternative of measuring the time devoted to 
preparation and other work related to undergraduate teaching* because of the great 
variability of ancilliary to teaching time between different subjects* different 
individuals* different grades of staff, and according to the number of times meetings 
are repeated for different groups of students* 

Before indicating how a value is set upon t, it will be useful to describe 
tho concept of the number of meetings (M) as an index of academic staff cost* 

The total annual cost of academic staff for the course (2) may be represen- 
ted: 

Zp = X . T (10) 

where subscript p indicates any particular level of enrolment and structure of 
cour ad, and X tho average annual expense of employing a member of staff* in terms 
of salary, superannuation and national insurance* Combining equations (9) and (10): 

Zp - X * Mp (11) 

t 



In order to measure the change in staff cost as a result of moving to any 
situation p, where either the level of enrolment or the course structure is different, 
it is useful to express the staff cost, in situation p as a projjortion of that in the 
original situation, which we designate q* This provides a simple index (I) of tho 
change in the total staff cost of the course* Thuss 

Ip ■ — Zp * 100 (12) 

Zq 

In the light of the definition of Zp used in equation (li) we may now expand 
equation (12): 

/X « Mp ■ 100 \ 

K t J 

Ip - - (13) 

; (tj-ai) 



2, Work on tho relation of ancilliary to teaching time is being carried out in the 
associated prefect at the University of Lancaster, 
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X and t can now be eliminated from both numerator and denominator and the 
index can be redefined more s imply as: 

Ip = Mp . 1Q0 (14) 

Mq 

The change in cost can be measured simply in terms of the number of meetings. Given 
constant teaching loads (t) and cost per staff member (X) » then the academic staff 
cost of a course at different enrolments or with different teaching structures Is 
directly -proportional to the number of meetings Riven . 

Figure 4.2 may now be re-scaled on the vertical axis to express the number 
of meetings in the new situation as a proportion of the number originally ^iven 5 and 
this is done in Figure 4*3 (scale 2). 

In order to obtain absolute figures of academic staff cost, values must be 
set to t and X, It is particularly difficult to set a value to t as it differs so 
much between individuals, departments, and universities,. (Indeed one of the merits 
of using the Index is that it enables changes in enrolment and teaching method to 
be analysed without the complications of varying values of t) . The University 
Teachers Survey carried out for the Robbins and Hale committees in 1962 quotes 6,1 
hours per term-time week (201 hours per 33-*weok year) as an average load of under- 
graduate teaching covering all faculties and all grades of staff, A survey carried 
out in the University of Bradford3 in 1968 found an overall average of 6 - 8 hours 
per terra-time week (198 - 264 p*a.) of undergraduate teaching in different Boards of 
St.dy, In calculating staff allowances for interdepartmental service teaching, the 
Allocations Committee of the University of Bradford works on a national 400 hours 
per year (12*1 hour per week). This latter figure however relates solely to service 
teaching, the burden of which is less than that of more specialised teaching. The 
Committee of Vice-Chancellors in its 1969 survey did not ask for information on 
actual teaching hours. 

For the purpose of this study the teaching load measured in the University 
of Bradford in 1968 has been used. Table 4*4 summarises the findings? 

Table 4*4 Weekly Teaching Load of Staff at University of Bradford 

1967/68 ' 



Board of Study 


1 

Under grad. 


Teaching 


Postgrad, 


Teaching 


Hours per 
week 


Hours per 
33-week 
, year 


Hours per 
week 


Hours per 
33-week 
year 


Engineering 


6 


198 


1 


33 


Life Sciences 


. 6 


198 


— 




Physical Sciences 


6 


190 


2 


66 ? 


Social Sciences 


8 


264 


1 • 


33 1 

1 



3. R, K* Khanna & M. Shattoek, "Analysis of University Staff Titie" (Bradford Univer- 
sity unpubl_ghed paper) , 1968 



In ordor to allow for the effects of the worsening in the staff s student 
ratio since 1967/68 it is necessary to make some increase in the teaching load. The 
ratio of teaching staff to undergraduates has worsened by 8.7% over the period 1967/68- 
1970/71 (from 1:6-9 to 1:7-5) * and to compensate for this the undergraduate teaching 
loads have been increased by approximately 6%. The ratio of teaching staff to post- 
graduates on advanced courses has. worsened by 150% over the same period (from 1:0,2 
to 1:0,5) , and to compensate for this the postgraduate teaching loads have been in- 
creased by approximately 100%. The reason for increasing the load by loss than the 
worsening of the ratio is that, as will be demonstrated in Chapter 5 of this report, 
an expansion of enrolment does not cause a pro rata increase in the total amount of 
teaching to be given. Table 4*5 contains the revised teaching loads which are sub- 
sequently used as a basis of calculating staff numbers and cost. 

Table 4*5 Revised Weekly Teaching Loads 



Board of Study ! 


Under grad. 


Teaching 


Postgrad, 


Teaching 


Hours per 
week 


Hours per 
33-week 
year ' 


Hours per 
week 


Hours per 
33-week 
year 


Engineering 


&S- 


210 I 


2 


66 


Life Sciences 


6y 


210 


[ 




Physical Sciences 


U 


210 


4 


132 


Social Sciences 

* — ■ 


4 


280 


2 


66 



By dividing the number of meetings by the standard teaching load for the 
course, it is possible to re— scale Figure 4*3 to show the number of full —time equi— 
valent academic staff required at each level of enrolment and for each course struc- 
ture, Beale 3 of Figure 4,3 measures this. It should be noted that the figure 
obtained is of full-time equivalent staff, possibly containing fractional units of 
staff from several service departments. 

In estimating the cost of employing a single member of staff (X) it is 
assigned that staff are distributed between grades in the ratio of 10% professors to 
25% readers/ senior lecturers to 65 % lecturers, in line with U.G.C, requirements 
that the number of professors and readers/senior lecturers shall not exceed 35% of 
the total teaching staff, (Actual proportions in the University of Bradford in 
1970—71 are .9% professors to 22% readers/senior lecturers to 69 % lecturers,) Pro- 
fessors are costed at the 1970-71 negotiated average of £5610, readers/senior lec- 
turers at the mid-point of their scale (£3800), and lecturers at the midpoint of 
their scale (£2454)* 10% is added to all salaries in respect of the university 1 s 

contribution to superannuation, and £100 per head in respect of national insurance 
payments. The resultant average annual e^qpense per staff member if £3440, 

It 2 -S now possible to rescale Figure 4*3 once more. By multiplying the 
number of staff (T) by the average annual expense, (X), the academic staff cost of 
the course is obtained! this is indicated on scale 4 . It should be noted that no 
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allowance has been made* as it was in Part 2* for the fact that part of the time of 
staff is devoted to other activities. In Part 3 S the whole cost of employing aca- 
demic staff is attributed to the course in question. 

We have thus devised a single measure ofs 

a) the number of teaching meetings provided 
for a course 

b) the number of full-time equivalent academic 
staff required for that course 

c) the cost of academic staff for that course* 

In the absence of known values of teaching load (t) and average expense of staff (X) m 
the measure serves ag an Index of these three values « measuring how each may change 
as a result of chan/ros in enrolment and course structure . 

5) Method of Calculating Staff Numbers and Cost per Stu d ent 

The next step is to relate this measure of cost to the number of students 
enrolled* in order to calculate a cost per student* and to study how this varies with 
changes in enrolment or course structure. 

In equation (11) the academic staff cost of a course with any particular 
enrolment and course structure (p) is defined ass 

Zp " X » Mp (11) 

t 



The academic staff cost nor student enrolled is therefore s 

Zp X * Mp 

Sp t . Sp 



(15) 



It is convenient to be able to express changes in staff cost per student 
when moving to any situation p* as proportional to the cost in the original situation 
q„ To do this* the concept of the Staff Cost Index (SGI) is defined; 



SCIp > 



( 






100 ) 



(16) 






In the light of the definition of Zp/Sp used in equation (15) , equation (16) nay- 
now be expanded thus: 



SCIp = 



( 



X , Mp 



100 



t 



_Sp_ 



'i 



( 



X . . Ma 



> 



( 17 ) 




4»10 



i:3 60 



Again X and t may be eliminated, and the Staff Coat Index redefined 



more a 



as: 



SGIp = Mg , Sq . 100 
V Mq . Sp 

whore q relates to the original enrolment and 
situation. 



(IS) 



course structure, and p to tho changed 



enrolled th ° CO ? C ? pt ? ? n the original situation 9 students 

enrolScwInl ani held ( ^ q) ? /iftcr expansion 20 students are 

enro-LLecl (Sp) and 22B0 meetings must be jiven (Mp) . Consequently 9 



are 



SGIp - 2280. ... 9 . 100 _ , - 
P 1560 .20 “ 65,8 

This can be cheeked as follows: 

a) Number of meetings per student originally provided: 

'If - -HP' • - 173 

b) Number of meetings per student after expansion: 

Me 2280 _ ... 

Sp 20 " 11 ^ 

c) 132,. s 6 5,8% of 173. 




Staff C o a t 1 r n f« 6 _fch G qf ^ ect . of changing enrolment it is useful to plot the 

line from Figure V* superimposed on the "Number of Meetings" 

® Figure 4 . 2 (a), Scale 1 of Figure 4,4 measures the Staff Cost Index or 
number of meetings per student, and scale 4 the total number of meetings, 

of meetini U Sto S fS IKhF "-"?* 6 15° f e “ seale ***»« 4 . 2 (a) to translate tho number 

? / ^ of academic staff and into the academic staff cost of the 

enrolled studeSf teal ^ a S^ bQ r ®“f aaled Jo- measure the number of academic staff per 

? d f at ^? cals 2 h and the academic staff cost per student (scale 3) Scale 

2 represents the staff student ratio, and is calculated using the formSa ~ 

i , t.S.j.y 

m - • i. v ■ / 

vo5 e ^ e ?? S , on the courSc S J the number Of students in a single 

J ar *:, Bgg ard J-o^ pf - the •• actual • t Qjbhg .teaching • lead of staff Jt} *Ji 
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to the annual cost par staff member (X) „ the Staff Cost Index measures the proportion - 
ate change in the;- st aff i student rati o arid in the academic cost n or student * 

We have thus devised a single measure of % 

a) the number of teaching meetings provided 
per enrolled student 

b) the staff : student ratio 

c) the academic staff cost per student. 

In the absence of laiown values for t and X, the Staff Coat Index serves as an index 
of those three values. 

In considering the effects of changing course structure^ the Staff Cost ' 
Index is less relevant , as enrolment is held constant in order to isolate the ef^ots 
on cost of the change in structure. Figures 4*3 (b) to 4*3 (e) do not need re -dr a igj 
they may simply be re-scaled by dividing the number of meetings (M) ^ number .of staff 
(T) and staff cost (T,X) by the (constant) number of students (3), 

6) Method of Expressing Results 

The results of the analysis of the courses may be presented in three ways 
and these are described below* Not all of these ways will be relevant to any single 
variable parameter, 

1 # In terms of absolute savings in academic staff cost-oer-student 

The figures as developed so far are stiff icient to show the results in this 
manner. Figure 4*4 ©hows for any chosen expansions 

a) the change In staff -cost per student 
(absolutely and proportionately) 

b) the change in staff % student ratio 
(absolutely and proportionately) 

Figures 4„3(b) to 4*3( e ) show for any chosen change in teaching methods: 

a) the change in staff -cost of the course 
(absolutely and proportionately) 

b) the. change in staff cost-per-student 
(absolutely and proportionately) . 

2. In terms of applying: a constant staff: student ratio 

In considering changes of enrolment it is useful to compare the cost of 
expansion if additional staff requirements are based on the increased teaching commit- 
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ment, with the cost that would h@ incurred if sufficient extra staff were recruited 
to hold the staff s student ratio constant* 

In Figure 4# 5(a) the number of staff required at different enrolments is 
measured on scale 1 and the total staff cost on scale 2, 

The line r = 12.33 represents staff requirements and cost when applying 
a constant staff s student ratio of 1:12. 38. This is the weighted staff I student ratio 
observed in all U.K. universities for the U.G.C. subject group n £nginc)aring tl , in 
1963-69. 4 

The line t — 281 represents staff requirement s and cost calculated on the 
basis of the total number of teaching meetings provided at different enrolments, and 
an annual teaching load of 281 hours per member of staff. The value of 281 is 
obtained by dividing the number of meetings provided at the current enrolment by the 
notional staff entitlement at that enrolment, if the (J.K. average staff % student ratio 
were adhered to# Thus with the current intake of 66 students, /496 meetings are 
provided and the national staff entitlement is 15*99* giving a nominal teaching load 
of 2S1 hours per year* Details of the calculation of nominal teaching loads are 
given in -appendix 4* 

The two linos consequently intersect at the point (I) whose y co-ordinate 
represents the current enrolment, and whose x co-ordinate represents the current 
notional staff entitlement* The ratio used is unlikely to be the same as that empiri- 
cally observed in the department, for it represents f uli-ti mn e quivalent staff invol - 
ved with the course * not the actual number of staff employed an the department* These 
two figures will differ to the extent that the departments staff teach other courses, 
and staff of other departments teach students on the course under consideration. Non- 
integral numbers are thus valid, implying that a proportion of time is devoted to 
service teaching for other courses* . 

The vertical distance between the two lines in Figure 4 . 5 (a) measures the 
difference ‘ in the number of staff required using teaching commitment and constant 
ratio bases. These differences at each level of enrolment (as distinct from the 
absolute values) are plotted with greater clarity in Figure 4 * 5(b), The staff saving 
obtained by using the teaching commitment basis is measured by the extent to which 
the broken line is below the horizontal line at any given enrolment- Thus, for 
example, if the enrolment in Figure 4*5 were increased from 66 to 110, the number of 
staff required would be. 20,69 if calculated from the number of meetings, whilst, by 
contrast, preserving the staff s student ratio would give entitlement to 26,64 staff, 

A saving of 6 staff appears feasible without altering the structure of the course or 
the teaching load of staff. 



4 . Weighted staffs student ratios have been calculated for the U.G.C* subject groups 
that are relevant to the University of Bradford (see Appendix 4 )* Figures for 
staff and weighted student ntenbers for all U.K* universities are taken from 
D,E,S*t Statistics of Education, Volume 6, 1969. 
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Translation of staff numbers into staff costs is achieved by multiplying 
each line by the average cost of a member of staff (X), redefining them as 




The staff cost of the course is indicated in scale 2 , using X “ £3440 as calculi ted 
above® 

3 . In terms of Unit Economic Costs 

The Staff Cost Index may be used to estimate the change in unit economic 
cost ^ as measured in Part 2 , that might come about as a result of the postulated 
expansions* It would not be valid to substitute the absolute values of staff costs 
calculated in this chapter into the unit costs calculated in Part 3 as the latter 
have been reduced in proportion to research and other activities* However, it is 
possible to multiply the "academic staff cost" element of unit economic cost, by 
the Staff Cost Index at different enrolments, and to recalculate the total economic 
oost-per-student. Furthermore , since academic staff require offices pro rata, it 
Is possible also to multiply the "academic staff offices" element by the Staff Cost 
Index. 



Table 4*6 shows the estimated costs for Civil Engineering with annual 
intakes of 80 , 90, 100 and 120. 



Table 4*6 Civil Engineerings Economic Qost^per^Student 

at various enrolments 



! 






I 


Annual 


Enrolment 






(Current) j 


i ' 










66 | 


i so 


90 


100 


120 


| Staff Cost Index 


100 j 


I 83 


89 


82 


71 


Academic Staff Cost (£) 


458 | 


i ,380 


408 


375 


325 


Academic Staff Offices (£) 


57 j 


47 


51 


46 


40 


Total Cost per Student (£) 


2509 1 


2421 


2453 


2415 


2359 


% Saving in Cost per Student 


j 3,5% 


2,2% 


3*7% 


6,0% 



It is assumed in the calculations for Table 4.6 that the balance of activity 
of staff between teaching and research remains the same as at present, and that the 
amount of preparation, marking, etc* generated by the additional teaching meetings is 
in the same proportion to actual teaching as with the existing meetings „ 

We now proceed in Chapters 5 * 6 and 7 to alter various parameters in a 
search for potential economies, . 
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CHAPTER 5 



ECONOMIES ARISING FROM THE MTANSIQN OF ENROLMENT 

In this chapter w© apply the method described in Chapter 4 to a 
number of courses in order to consider the effect of increasing enrol- 
ment on academic staff costs and total eost-par-student* 

The course structure is held constant. Consequently there is no 
increase in the size of teaching groups -(except for straight lectures) 
beyond what is at present the standard size that the professor daems 
is desirable on educational grounds* The total number of teaching con* 
tact hours received by any one student, and the number of each type of 
meetings (lectures, classes, tutorials and laboratory sessions), are 
also constant* The student, therefore, receives the same amount of 
teaching in the same types and sizes of meeting as at present, although 
the straight lectures he attends will be larger* From an educational 
viewpoint the quality of service is unimpaired; there is no change in the 
quality of education. 

Similarly the teaching load of staff is unchanged^ Staff are not 
required to teach any more hours, nor, apart from lectures, do they face 
larger groups* The increase in the number of teaching meetings that must 
be mounted, is met by a pro. rata increase in staff nimbers* It is assumed 
that work ancilliary to the actual teaching, such as preparation and mark- 
ing, increases in direct proportion to. the number of teaching meetings, 
although in practice it is unlikely that preparatory work will increase to 
anything like the same proportion* To this extent the results underestimate 
the potential, economies, as maintaining a constant teaching load will cause 
a reduction in the total undergraduate work-load of an individual staff 
member, because the extra teaching consists in. repeating existing teaching 
meetings* *. 

1* General Nature-of the Results 

The results presented in this chapter show substantial economies in 
staff costs associated with expansion of enrolment - 

These economies arise primarily from the increase in the number of 
students attending each lecture. In each course examined the lecture group 
size has been described by the School of Study as having no maximum. Although 
we have come across a few contrary opinions. Schools of Study, when provid- 
ing data, have generally agreed that an increase in the size of lecture 
audiences, where there is no active participation by students, does not 
result in any deterioration in the quality of education. An increase in 
lecture group size, therefore, represents an improvement in efficiency* 

A second contributory factor to these economies of scale is the 
5, £illlng up ,! process which takes place as enrolment increases. At any level 
of enrolment not all meetings will be ,f fuU n , in the sense that the number 
of students registered may be less than the standard group size. For example, 
if a particular course contains a class which meets in groups of maximum size 
30, and enrolment is currently 50 9 then the class must be duplicated and 
there is an effective wastage of ten places; l/6 of the capacity of the two 
series of meetings is wasted. If enrolment increases to 60, then no extra 
meetings are required and tha waste is removed | the capacity 11 fills up". 
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Even if meetings are not “full” at higher enrolments the significance of 
the waste is less. With an enrolment " of 110 there must be four series of 
meetings | there are still ten wasted places, but this represents only l/l2 
of capacity. • 

Although the results differ in detail between courses, there. is an 
important Similarity ccsmoa to all. This is illustrated in two ways* 
firstly by the behaviour of the Staff Cost Index; and secondly by the 
divergence between staff costs when calculated on the teaching commitment 
basis, and when based on a constant staff f student ratio. 

The Staff Cost Index exhibits the some basic .form in all the courses 
studied, and three characteristics should be noted* 

1.) it falls as enrolment increases, indicating economies of 
scale. An increase in enrolment generates a less than 
proportionate increase in the total number of teaching 
meetings required to maintain the course structure un- 
changed. With a constant teaching load per member of 
staff, the increase in staff nipnbers is less than 
• proportionate to thf increase in student numbers, so 
that ‘the staff : student ratio deteriorates, and staff 
cost per student declines. . ' ' ' 

... 2) it falls at a decreasing rate. The economies to be 
achieved from. successive equal increases, in student 
y numbers get smaller and smaller. 

3) the fall is punctuated by sharp rises at regular intervals. 

These periodic jumps give the Index its characteristic 
“sawedge" shape, and the enrolment levels at which they 
occur correspond to the. points at which particular series 
of meetings must be -repeated. I" Thus if a class of 40 meets 
120 times per year,, there will be an increase of 120 in 
the number of meetings every time enrolment passes a 
.... multiple of . 40 • In many courses several different elements 

. 9? the course .have the same maximum group size,- causing 
very big increases in the number of meetings at intervals. 

Very .often enrolment must, he expanded a considerable way 
beyond one of these jump-points; before the. Index falls* 
back; tOj-: ;^ts value; immediately before the jump. 

. The second. aspect .of the similarity between -courses is the divergence 
between staff costs when calculated on the teaching commitment basis, and 
when based; .on. a .constant staff : student, ratio. . In all the-.-' courses' st udi ed 
the former fell below the latter as onrolment Increased. ■ 
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The general pattern to emerge from the study is that, an expansion of 
enrolm ent may be accompanied by a deterioration in the staff ; student ratio , 
which ..results In econo m ics In cfast-uor— student , without oithur ippcjr- 
ing the qual ity of education by altering the course structure, or i nn-rnwa-f np 
the average teaching load, of staff . 

Before attempting to generalise as to the extent to which the staff; 
student ratio may deteriorate, or the level of savings that might be expec- 
ted, it is necessary to present the results of the courses individually. 

2* Individual Courses 

The results for each course are presented in the form of? 

a) a brief commentary noting the principal findings 

b) a table showing savings in total economic cost per 
student as defined in Part 2, i. e. after deducting staff 
costs attributable to research (corresponding to 

Table 4*6) 

c) a graph showing the Staff Cost Indix, the staff i student 
Pfi/blo and staff cost per student, based on the estimated 
teaching load at Bradford, (This corresponds to 
Figure 4*4 in Chapter 4*) This includes the full cost 
of staff, 

d) a graph showing total staff requirements and cost 
compared with expansion based on national average staffs 
student ratio (corresponding to Figure 4*5)* This 
includes the full cost of staff. 
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C jrrrn r ijt Enro^xi ont » 
A-hn-Pf Host Index: 



9 

Multiples of 12 students 

P^lls to 75% at enrolment of 12, then jumps j£ 
Falls to <0/° ^'' students causes the index 

99%. Ebqpansion to -*4 swusuns 

to fall to 



aa nsipn to 24 stud ent s per year s 

1) In terms of the estimated Bradford teaching 
load of 210 hours per years 

a) Steffi student ratio maydeterloratefrom 
1 - 3.3 with 9 students, to 1 i 6.0 with 
24 studorvts 

b) fuli academic staff cost per student falls 
' from £3123 to £1715, a saving of £1403 

2 ) In terms of the national average weighted 
staff : student ratio or 1./.U4* 

If the ratio is held constant, total 
equivalent staff number srxsu from 3. 

j- n -i q 2 com'oared wi'fch only 5»4 ^ * 

calculated on a teaching ocmmitment basis. 
This represents a total saving > 

per annum* 

3 ) In terms of unit costs defined 
3) total economic cost per student falls 8.3%. 



Table 5.1 

(after excluding costs awiDut 



Staff Cost Indux 



j Academic Staff Cost (£) 
j Academic Staff Offices U)l 
• Total Cost per Student ( 

1 % Saving in Cost-per- 



Annual 


Enrolment 




i 


9 (current) 


12 


18 


24 \ 

l 


100 j 


| . J r . 


J Z j 


55 ! 


i 549 


\ 411 1 

i t 


395 | 


302 * 


■ 57 


43 t 


41 1 


30 i 


i 3294 


1 3142 ; 

5 4 


3124 | 


3020 i 


i 


( 4*6% | 

i 


5*1^ ! 


8.3% j 
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CHEMICAL ENGINEERING 



(Two intakes of students annually. Quoted figures of 
numbers of students and numbers of meetings relate to a 
single intake only, ) 

Cur rent, Half-yearly, enrolment ; 4 Q 

Jump-points ? Multiples of 50 students 

Staff Cost Indix: Falls to 84 % at enrolment of 50, then jumps to 107$. 

Student numbers must increase to beyond 67 before 
the Index falls below 84$ again. 

Effect of Expansion to 100 ’students per hnl f-v^r-.rly intake ; 

1 ) In terms of the estimated Bradford Teaching load 
of 210 hours par year: 

a) staff : student ratio may deteriorate from 1:19,4 
with 40 students to 1:31.4 with 100 students 

L) full academic staff cost per student falls rom 
£530 to £ 328 , a saving of £ 202 , 

2) In terms of the national average weighted staff: 
student ratio of 1 : 12 , 38 : 

If the ratio is held constant, total equivalent 
staff numbers rise from 25,8 to 64 . 6 , compared 
with only 40,0 if calculated on a teaching 
commitment basis. This represents a total 
saving of £42,300 per half-year. 

3) In terms of the unit costs defined in Part 2, total 
economic cost per student falls by 9.9% 



Table 5,2 Chemica l Engineering? Economic Cost-per-Student 

at Various Enrol man-hpi 

( after excluding costs attributable to other activities) 




Half-Yearly Enrolment | 

I 

t 



- - - - 1 


40 (current) 


50 


so 


100 | 


Staff Cost Index i 

— ] 


! 100 | 


84 


73 j 


62 | 


Academic Staff Cost (£) j 


! 617 | 


518 


450 


j 

383 j 


Academic Staff Offices (£) 


52 j 


44 j 


38 


32 | 


I Total Cost-per-Student (£) j 

j f 


2557 I 

i 

i 


2450 \ 

4,2$ J 


2376 | 


2303 j 


| $ Saving in Gost-per- 
1 Student 1 


7.1$ j 

! 


9,9$ j 



COLOUR CHEMISTRY 



Current Enrolment : 21 

Jump— point g ; Multiples of 30 students. Individual tutorials 

cause the total number of meetings to increase 
With every single increase of intake. 

Staff Cos t Jndex ; Falls to 74% at enrolment of 30, then jumps to 91% 

Students must increase to beyond 4-0 before Index 
falls below 70% again, 

Effect of Expansion to 60 students per year ; 

1) In terms of the estimated Bradford Teaching load 
of 210 hours per years 

a) staf f i student ratio may deteriorate from 
Is 5,0 with 21 students to 1:9.6 with 60 
students 

b) full academic staff cost per student falls 
from £2058 to £1060, a saving of £998 

2) In terms of the national average weighted staff; 
student ratio of 1:11,09: 

If the ratio is hold constant, total equivalent 
staff numbers rise from 5,6 to 1 6,2, compared 
with only 8,3 if calculated on a teaching com- 
mitment basis , This represents • . saving of 
£27,200 per year. 

3) In terms of the unit costs defined in Part 2, total 
economic cost per student falls by 10.4%. 



Table 5,3 Colour Chemistr y; Economic Cost-per-Student at 

Various EiirQljTienta 

(aft©!* excluding costs attributable to other activities) 





21 (current) 
] — 


Annual 

30 


Enrolment f 

45 60 | 


Staff Cost Indeic 


j loo 


74 


66 


52 j 


Academic Staff Cost (£) 


785 


581 


518 


t 

i 

408 | 
33 ? 


Academic Staff Offices (£) 


63 


47 


42 


Total Gost-per-Student(£) 


3918 


1 3698 


3630 j 


• 

\ 3511 ! 


% Saving in Cost— per— 
Student 

— — i 


1 - j 


5.6% | 

i 

\ 


7.3% | 

j 


• f 

10,4% j 

f 



CIVIL EMGINEERIMG 



Current Annual Enrolment ; 



66 



J ump-points i 
Staff Cost, Index; 



3) 



Major jumps at multiples of 40 students* smaller 
Jumps at multiples of 20 and 30 

Palls to B3% at enrolment of 80 7 then jumps to 99$. 
Students must Increase to beyond 105 before the 
I nor— faJJLs beloi; 83$ again. 



f the estimated Bradford teaching load 

.j ij ^ jGa r ■ 



mansion 4 




D 


In 


t.MrruS 




o±’ 


210 ho 




a) 


s'«;a i f a 

1 i O Of 

120 pti 




h) 


full e,< 
from £ 


2) 


In 





staff; student ratio of 1 : 12.38; 

If the ratio is held constant, total equivalent 
staff numbers rise from 16*0 to 29.1 compared 
with only 20.7 if calculated on a teaching com- 
mitment basis. This represents a total saving 
of £ 23,900 per annum. 

In terms of the unit costs defined in Part 2, 
total economic cost per student falls 6$. 



Table 5.4 Civil Engineering; Economic Cost— per— Student at 

Various Enrolments 

(after excluding costs attributable to other activities) 



j Annual Enrolment 

: 66 (Current) 80 90 100 120 



Staff Cost Index 


100 i S3 j 89 j 


j 82 j 71 


Academic Staff Oast (£) j 

Acad^Liic Staff. Offices (£) 

Total Cost-per-Student(£) j 

$ Saving in Gost-per- ; 

Student j 


458 j 380 

■57 | 47 

2509 | 2421 

! - ! 3.5% 

! j 


408 | 
51 j 
2453 j 
2.2% | 
i 


! j 

[ 375 | 325 

! 46 j 40 

2415 j 2359 

i 3.7% j 6.0% ! 

! ■ ! ! 

t 



(The graphs have already been presented ** see Chapter 4 Figures 4*4 

and 4.5) 
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COMPUTER SCX^NGE 



(1 year postgraduate course,* students weighted *3*) 



Current A nnual IllnroILment i -j 2 

Jump-points .* Multiples of 6 students 



Cost; Index* 



Is in a trough with the current enrolment of 12 

?H?uSe nls “* to 74 * ikte' 

1 L ^ f* ®*P«“tt>*°n to 24 students causes 

63 *- "* oontinuod 



Effect of expansion + o 24 students ner* 

1 ) 



2 ) 



3 ) 



lp the estimated Bradford teaching load 

ox nours per years m 

a) weighted atajr.atudaut ratio may deteriorate 

1/ + 1 i 5 ’+ W±th 12 students, to 1:8.9 -with 

24 students 

b ) full academic staff cost per student falls 

rom £1850 to £1165* a saving of £685. 

SudS S r«io h of' n ?“irOT , aVer " ee Uaightad staff: 

«+^rr S ?T° 13 held cons tant, total equivalent 

o^y VTi? r r T 13 ? ^ 3 ‘° to 6 *° «««**•* with 
^asis 3 * ejaculated on a teaching commitment 

rv A^n Th represents a total saving of 
&r,oGO per year* 

available?^ economic cost o£ the course is no- 



5*8 



SOCIAL SCIENCES 



Current Enrolment ; 120 

J urn ~p— points a Irregular , duo to the range of optional subjects 

Staff Cos t. Index : Fails at the general rate of approximately 5$ for 

every additional 30 students, but punctuated with 
frequent. Irregular and small jumps. 

Effect of Expansion to 240 students per year : 

1) In terms of the estimated Bradford teaching load 
of 230 hours per years 

a) staff j student ratio may deteriorate from 
1sl6c8 with 120 students to Is 21 .5 with 
240 students 

b) full academia staff cost per student falls 
from £615 to £480, a saving of £135- 

2) In terms of the national average weighted staffs 
student ratio of Is 13.47s 

If the ratio is held constant, total equivalent 
staff numbers rise from 26.7 to 53.4 compared 
with only 41*7 if calculated on a teaching com- 
mitment basis. This represents a total saving of 
£ 40,200 per year. 

3) In terms of the unit costs defined in Part 2, total 
economic cost per student falls 6 . 2 $. 
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Table 5.5 Social Sciences s Economic Cosfc-uoi— Student at 

Various Enrolments 

(after excluding costs attributable to other activities) 



\ 


i Annual Enrolment 

( 

120 (current) 1 60 200 240 


Staff Cost Index 


100 j 92 j 82 


I 78 1 


Academic Staff Cost (£) 

Academic Staff Offices (£) 

Total Cost-per-Student (£) 

$ Saving in Oost-per- 
Student 

.... s 


i i 1 

406 375 ’ 334 ; 

60 55 j 49 j 

1632 1 596 ! 1549 ! 

i 

2 . 2 $ ; 5 . 1 $ 

! i i 


1 

I 318 ! 

j 47 ] 

1531 j 

6.2$ j 

j 
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APPLIED PHYSIOS 



Current Enrolment : 22 

Jump-points i Multiples of 16 students. A Iso at 40. 

Staff Cost Index; Falls to 85 % at enrolment of 32 , then small jump 

to 88 %, Expansion to 4 & students causes the 
index to fall to 78 %. 

Effect of Expansion to AS students per year ; 

1) In terms of the estimated Bradford teaching load 
of 210 hours per years 

a) staff s student ratio may deteriorate from 1 :4.1 
with 22 students, to Is 5*2 with 48 students. 

b) full academic staff cost per student falls 
from £3346 to £2610, a saving of £736. 

2) In terms of the national average weighted staffs 
student ratio of 1:11.09? 

If the ratio is held constant, total equivalent 
staff numbers rise from 7.9 to 17 . 5 , compared 
with only 13.4 if calculated on a teaching com- 
mitment basis. This represents a total saving 
of £14,100 per annum. 

3 ) la terms of unit costs defined in Part 2 , to tal 
economic cost per student f all s 4,6%. 

Table 5-6 Applied Physics: Economic Cost-oer-Student at 

Various Enrolments 

(after excluding costs attributable to other activities) 







| Annual Enrolment 

| 22 (current) 32 


i 

48 j 


Staff 


Cost Index 


| 100 


; 


78 ! 


Academic 

Academic 


Staff Cost (£) 
Staff Offices (£) 


j 743 

j 40 


1 

632 1 
i 

35 


580 j 

32 | 



| Total Gost-per-Student (£) 

| % Saving in Gost-per— Student 



3682 



3566 | 3511 

3 . 2 % \ 4.65S 
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applied Bior.nay 



Current Km ' ol;i grvh ? ^3 

Multiples of* 30, with smeller jumps every 20 students. 

***** ° ost Tn ^" : SituSLS? a BiS r SS5 t . 59 ^ L b T olmeftt of 

expend to 86 student Sf ^^|ain . 

Mfect of Expansion t o_ 6 Q Stud ft nt . 3 Der vwaT , ; 

1} 2 I^ho^s^r yeSf ^ Bradford t^hing load 

a) SiJf r i2 tU J^ t r ati ° deteriorate from Ij/.I 

with 33 students to 1 .- 6.7 wit 1 60 students. 



b) 



2 ) 



® taf:C cost per student falls 
from £2455 to £1447, a saving of £1008, 



3) 



ratio™? if 10 % “ ational avera go wolghtod staff : student 

oLbeJs^sl ??o» e iV?r?ra’ t0tia e 3 uivalent staff 

12 * .S *rom tf .4 to 16.8, compared with only 

This ifr.™ eu J ated °U a teaching commitment basis, 
is represents a total saving of £ 14,800 per annum. 

In terms of the unit costs defined in Part 2 total 
economic cost per student falls by 13.1%. 1 



O 




Table 5.7 



Applied Biology; — Economic Cost-per-Stnrfnn*. at 
> Various Enrolments 

(after excluding costs attributable to other activities) 



i "" " — 

i 

i 


1 Annual Enrolment 1 

, 33 (current) 45 60 


Staff* Cost liidox 


| 100 


78 j 59 


Academic Staff Cost (£) | 

Academic Staff Offices (£) 
j Total Cost— per— Student (£) j 

1 % Saving in Cost— per— Student ! 

(_ - 


: 946 

57 | 

3110 j 

i 

| 


* 

{ 738 

j 45 

f 2890 
7.1% j 


558 j 

35 

2700 

13,1%j 

I 



5.11 



80 



MATERIALS SCIMGE 



Current Enrolmen-h * 21 

with smaller jumps every 



of 40, then jumps to 87$, 
of 60. 



Bradford teaching load 



a) staff s student ratio may deteriorate from 1?4.2 
with 21 students to 1*5.1 with 40 students, 

b) full academic staff cost per student falls from 
£3292 to £2700, a saving of £592, 

2) In terms of the national average weighted staff: 
studeht ratio of 1:11.09: 

If the ratio is held constant, total equivalent 
staff numbers rise from 7.2 to 14*4, compared 
with only 13,1 if calculated on a teaching com- 
mitment basis. This represents a saving of 
£4,400 per annum, 

3) In terms of the unit costs defined in Part 2, total 
economic cost per student falls 5,0$, 



Jump-points * Multiples of 20 students, 

2‘ students , 

Staff Cost Index: Falls to 82$ at enrolment 

Falls to 78$ at enrolment 

Effect of E xpansion to 40 students per year : 

1 ) In terms of the estimated 
of 210 hours per year: 



Table 5*7 Materials Sci ence* Economic Cost-nB-r-.q-hiirient at 

Various Enrol m^nts 

(after excluding costs attributable to other activities) 



Annual Enrolment 
21 (current) 30 



Staff Cost Index 



100 



87 



40 



Academic 


Staff Cost (£) 1 


982 


S54 j 
35 j 
3547 j 


805 


Academic 


Staff Offices (£) j 


40 


33 


Total Gost-per-Student (£) j 


3680 j 


3496 


$ Saving 


in Cogi-per-Student 


i 


3.6$ l 


5.0$ 
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Conclusions 



1 ) Ma.i or Jump-points 

The points at which upward jumps in staff costs per student 
occur, differ between courses: 

multiples of 50 students 
multiples of 40 students 
multiples of 30 students 
multiples of 30 students 
multiples of 20 students 
multiples of 16 students 
multiples of 12 students 
multiples of 6 students 
irregular . 

Since the increases in cost-per-student that qgcut at these points 
are substantial, it is .important that enrolment should be at a level which 
coincides with a trough in the Staff Cost' Indek, i.e. at a level immediate- 
ly below one df these jump-points* 

As these points differ between courses j it is vital, when eon- 
sidering expa nsion of student numbers., that courses should bo studied 
-individually * .and, the appropr iate target enrolme n t sot for each cnnrsg . 

The application of blanket proportionate increases to whole groups of 
courses could b© most unac on omie# ! . . 

2) Scale of Likely Economies ; ‘ ‘ r : ■ 1 

Table 5*6 symmetrises the potential economies' to be obtained from 
expansion of student numbers. The expansion applied to each of the courses 
is an appr oxima t e doubling. The new levels of enrolment have been care- 
fully chosen to coincide with a "trough^ in the Staff Cost Index* 



Chemical Engineering 
Civil Engineering 
Applied Biology 
Colour Chemistry 
Materials Science 
Applied Physics 
Pharmacology 
Computer Science 
Social Sciences 
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Table 5,6 Effects of an Approximate Doubling; of Student Numbers 



Course 


! Staff 
; Cost 
‘ Index j 

, / . 


Saving in Total j 
Economic Cost 
per Student 
% 


! 

■ Total Annual Savings compared j 
!. with expansion holding staff: j 

■ student ratio constant ! 

£ 


Pharmacology 


! 55 


8.3 


16,500 | 


Chemical; Engineering j t 62 


9.9 


84,600 i 


Colour Chemistry 


j 52 


10.4 1 


' 27,200 


Civil Engineering 


. ! ■ 71 


6,0 


28,900 ' 

t 


Computer Science 


; 6 3 


* ! 

i 


1 7,600 ; 


Social Sciences 


j 78 


i 6.2 


j 40,200 j 


Applied Physics 


j 78 j 


4-6 1 

| . . . 


! 14,100 j 


Applied Biology 


• 59 j 


13.1 


j 14,800 ! 


Materials Science 


82 i 


5.0,- . , • 1 


4,400 j 



■ J - i: ' ... .The Staff nest Index may be expected to fall to between 52/;nnd 

824. with an approximate doubling of enrolment, provided a suitable point 
Is chosen . This implies equal proportionate deterioration in the staff: 
student ratio and in staff -cost per student. It must, again be emphasised 
that the ••deterioration 11 in the staff ; student ratio represents improved 
efficiency, as there is no adverse change in course structure, nor any 
increase in average staff teaching load. 

7 When weighted by the number of students on each course, the average 
value of the Staff Cost Index on the nine courses falls to 69/ with an 
approximate doubling of enrolment to an optimum point. If this sample of 
ftoimaafl la typical of all U-K. University courses, then the overall vrulnhted 
staff i student ratio for all U.K. Universities and all subject group s, which. 
in 1968/69 ms 1:1 1 , 57. could "deteriorate •• to in 6. 71 with an approximate 
doubling of student numbers provided an oot.imum point were chosen for each 
course . 

In terms of the unit economic costs defined in Part 2 ( excl udin g 

costs attributable to research, but including annual costs of buildings and 
equipment), these economies imply reductions of between 5.0% and 13.15?. 
Savings of this order are substantial and represent reductions in current 
expenditures , When weighted by the number of students on each course, the 
average saving in economic cost per student is 7.7/. 



Using conventional U.G.G, weights for postgraduates. 
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The final column of Table 5*6 shows the total annual financial 
savings obtained by expanding the courses on the basis of holding the 
average teaching load constant (and consequently allowing the staffs 
student ratio to deteriorate 1 * ) p compared with expanding them maintaining 
a constant staff z student ratio. The ratio used is the national average 0 
weighted staff % student ratio for the appropriate subject group in 196S/69 . 
These savings are calculated by first costing the extra staff that would 
bo required if the relevant national average ratio were maintained, and 
then subtracting from this figure, the cost of the (fewer) extra staff 
required to hold average teaching load constant. The very high savings 
in Chemical Engineering reflect the double— entry of students each year, 
and the fact that ^doubling” of intake to an optimum point in fact Involves 
increase to two and a half times the present intake* 

The total annual financial savings for the nine courses amoimt to 
£238,300* At the increased level of enrolment th© saving would be £520 
for each fo tho 364* students enrolled each year* 

3) Recommendation 

The use of the Staff Cost Index to assess staff requirements is 
especially useful, at a time of expansion* It is sometimes objected that 
the use of teaching commitment to measure staff requirements would 
encourage professors to intensify the teaching of their courses by in- 
creasing contact hours and diminishix*g the size of teaching groups, in 
order to obtain more staff for other activities such as research. In the 
context of expand in g existing courses this objection does not apply. In 
the calculations in this chapter, course structure has been held constant, 
and staff requirements increase less than student numbers. The U.G.G., in 
considering uxiiversities 1 requests for additional, staff to back the 
expansion, and universities , in allocating staff to departments , could 
similarly assume that the existing course structure be maintained, and 
make their allocations on that basis* Universities, and departments, 
would not be entitled to claim extra staff simply in order to intensify 
the teaching content of their courses. 

Such a system enables the relative requirements of different sorts 
of courses (conventional 3^year courses, thick sandwich courses, thin 
sandwich courses, part-time courses, etc.) to be measured more accurately 
than by the present system of norms with essentially arbitrary weightings 
for different types of course. 

The economi es, identified above indicate that supporting expansion 
with a constant sta ffs student ratio results in mors staff being nJOpoated 
than are necessary to maintain^ the. existing average teaching load of staff . 
Iji view of this it is s trongly recommended that consideration be given to 
using a teaching^ commitmen t basis rather than a staff; student ratio basis 
jq calculating the extr a , staff necessary to support expansion of student 
numbers . : 



See Appendix 4 for details, 
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GHAFTER 6 

Economies Arising from Changing the Structure of Courses 

In this chapter j four methods of changing the course structure 
are combined. ? and. applied, to sqm© individual courses* Student enrolment 
on each course ic held constant as each parameter ±s varied separately* 

The four parameters er© i - 

1) the total number of contact hours per student embodied in 
the course, i»©« the number of hours teaching a student 
receives each week. 

2) the number of optimal subjects taught within the course. 

3) the size of teaching groups, in toxins of the maximum number 
of students that may attend a meeting before it must be 
repeated. 

4) the relative balance of different types of teaching meeting 
(Lectures, classes, tutorials and laboratories) embodied 
within a fixed total contact hours. 

As each of the parameters is varied, the number of teaching meetings 
that must be provided is calculated, (Reference back to Chapter 4, 
particular figures 4,2 and 4.3 would be useful at this point) 

An Index of the number of meetings is then calculated, which 
expresses the number of meetings generated by different course structures 
as a percentage of the number required with the existing structure. This 
Index may be used as a measure of the proportionate changes in the number 
and cost of academic staff with different course structures. Subsequently 
absolute values are calculated for the full annual financial cost, by us in 
the average teaching loads found in the 1968 sui*vey at Bradford^ , and the 
average cost figure of £3440 per member of staff. Finally, the economic 
costs— por— student , as defined in Fart 2, are recalculated by altering the 
academic staff cost element in proportion to the value of the Index,. 

1 ) CHANGING THE TOTAL NUMBER OF CONTACT-HOURS PER STUDENT 

In this section we investigate the effects of varying the total 
number of contact-hours per student embodied in the course. By "contact- 
hours per student" is meant the number of hours teaching of all kinds 
(lectures, classes, tutorials, laboratories, etc.) received by an individ- 
ual student on the course during one academic year. Group size maxima 
are held constant. 

The method adopted is to start from the present number of contact 
hours and make successive .10% additions to and deductions from this figure, 
covering a range from 10% of the present figure up to 200% of it. Thus if 
the present number of contact hours received by each student is 600 per 
year, then successive values from 60 by steps of 60 to 1,200 are used. For 
each successive figure of contact-hours, the total number of teaching 
meetings that must be provided is calculated^, and the effect on cost 
investigated. • 

^ ' * .. • ■ ' ■ ' “ ' — ■ — — — 

* See Appendix 4, Table 2, for the loads used for each course* 

2 * Program VA54DA8E1AD. See Appendix 1 , ' 
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In making the 10% change,® in total contact-hours, on tho course, the 
hours of each type of meeting composing the course have been altered by 10%, 
thus maintaining the same relative balance of typos of teaching within the 
course. The method thus isolates the effects on staff requirements of 
varying the total contact— hours per student. 



Tables 6.1 to 6*9 show for each course at each level of contact-hours, 
the number of meetings that must be provided, tho proportion that this is of 
the present load, the full Staff cost-per-student, and the total a nnual 
savings in staff costs compared with the present situation. Figure 6*1 
shows tho results graphically for two courses. Identical straight line 
graphs could be drawn for the other courses. 

The Tables also show the effect on the economic c ost— per— S budent of 
those chongos in academic staff .costs. In these calculations no change in 
the per-student cost of classroom arid laboratory space has been made . This 
is because, in strict output-budgeting terms, unused resources are allocated 
to various outputs in proportion to their share of used resources. In-so— 
far as the 'extra contact hours are under-utilised teaching accommodation 
there Is no net addition to the university’ s teaching space, and? in-so-far 
as the accommodation freed with fewer contact hours becomes unused, there 
•is no reduction in. the. «niy.ersity,‘ £ .teaching space* 



Table 6,1 i 




L-no*: avnvgvuyc Total C ontact Hours 



+40% 



% Change in Total Contact Hours 

+ 20 %" 



Present 



r ; + . 

' « P ; 



^60% 



* 1 

! 






* 


\ 1 


t 

i 


J 


No. of Meetings Provided J 
% of present No. of ! 


2,402 


! 2 .,{} 


! 1,716 


! 1 , 372 : 


! 1,029 

i 


| 686 

t 

J 


Meetings -j- 

Full Staff Qost-per- i 


140 


120 | 


1 .100 : 

i i 


’ so 

i 

1 


60 


| 40 


Student (£)‘ j 

Total Annual Financial j 


4,372 


3,74S j 


j 3,123 

f j 


1 2,498 

1 . 


1,874 

1 


! 1,249 

i 


Saving (£) i • 

(+ = saving) !. 

— j 


-11,250 


-5,625 i 


t 0 


+5,625 1 


1 + 11,250 

i 


} +16,875 

l 


ECONOMIC COST Pm STUDENT j 


: . ' j 


| 






1 

! 


1 

i 


Academic Staff Cost (£) i 


769! 


659 i 


549 


439 ! 


! 329 


j 220 

| 23 


Academic Staff 0ffices(£) j 


■ V so| 


68 I 


| 57 


46 


34 

i 


Total Economic Cost— per— j 


- - ••• 




Student (£) | 


3, 536 j 


3,415 j 


3,294 | 

i 

4 


[ 3,173 ! 


j- 3,052 

■ 

* 


| 2,931 

i ‘ 

f 


% Saving in Cost-per- 






1 . . 
1 


Student j. 


-7.4% | 


- -3.7% I 


■ 0 ; 


! +3*7% 

: - •! 


i +7*4% 
i . ■ 


j + 11 . 0 % 


(+'■** saving) ■ ' ' ' - ••• . j 


i 


> 


■ 5 
i 




v, t 

13 



ti 
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Table 6.2s 



Chemical Engineering — Effect of Changing Total Contact Hours 



.? 



% Change in Total Contact Hours 



i 

t 

1 


j +40% 

i 


+20% 


±k$ j. wi. 

Present 

Number 


-20% 

t ‘ 

J 


j; u nuui p 

-40% 


« -60% 


No, of Meetings Provided* 


i 

1,812 


j 1 * 553 


[ 1,294 


! 1,036 | 
t i 

i 


111 


i 518 


% of present No. of 


i . 
t 


1 

i 


! 

\ 




Meetings 

Full Staff Cost-pe-r- 


j 140 


120 


\ 100 

1 

J 


1 80 ! 
i f 


60 


i 40 

i 


Studant (£) 

Total Annual Financial 


j 742 


636 


530 


424 j 


318 


[ 212 
f 


Savings (£) 

( + — saving) 


j- 16,960 

i 

i - . 


-8,480 


0 

] 

| 


+8,480 | 

i •' 


+16,960 


1 +25,440 

i 


| ECONOMIC COST PER STUDENT 


i ! 

i 


! 


i 

j 


: i 

[ 1 

1 


i 

1 


H — — ■ 

F 

i 

1 


Academic Staff Cost (fi) 


j S 44 


740 i 


617 


494 j 
42 ' 
i 


370 


247 


| Academic Staff Offices (£) 
j Total Economic Gost-per— 


| 73 

! } 


' 62 i 
! 


52 j 

! 


31 


21 


! Student (£) ~ 

i % Saving in Cost-per- 


1 2,825 ! 

} ! 

f . ^ . jri > 


2,691 I 

* 

_ 1 


2,557 1 

| 


2,423 | 


2,289 


2,155 



iiig i t I 

Studont - aavlng ) j "1 0 * 4 % \ - 5 * 2 % ! 0 ; +5*2% J + 10 * 4 %! + 15 . 7 % j 



* por* half— y oar 9 i«e. for each of the titfo intakes * 

Table 6# 3 s C olour Chemis tr y - Effect „of 1/ ha nging Total Contact Hours 



i * 




% Change in Total Contact Hours 1 


4 


+40% 


• ‘ +20% 


: Present 
■ Number 


-20%“ 

i 

i 


~ '-40% j 

j 


■ -60% j 


No. of Meetings Provided 


3,695 


| 3,167 | 


| 2,639 


! 2,111 * 


1,583 


1,056 


% of Prosent No, of 




• 




; 1 


, r Meetings . j 


! 140 


| 120 


100 


: so 1 


60 


4P 


i Full Staff Gost-per j 


i • ■ • ! 


> 




i l 

! 1 , 646 ; 




Student (£) 


; 2,881 j 


i 2,469 


2,058 


1,235 


823 


•Total Annual Financial j 


i I 


| - " • 




i i 




Saving (£) i 

( + — saving) 1 


-17,288 

! 


l 644 


0 


j+ 8,644 j 

1 


+17,288 


+25,932 : 


ECONOMIC COST PER STUDENT j 

Academic Staff Cost (£) 


1,099 


942 


785 


-f 1 - • i 

| j 

j 628 j 


j 

1 

471 


I 

l 

! 314 


Academic Staff Offices (£) i 
Total Economic Gost-per- i 


88 | 

■ • t 


i 76 


1 63 

f 


■ 50 i 

l l 

t i 


38 | 

i 


i ” 

25 

} 


Student (f) j 

% Saving, in Gost-per- j 


.,4,257 

j 


; 4,088 ! 

i 


3,918 


i 3,748 j 

! t 

* j 


3,579 


| 

j 3,409 


Student ! 


-8,6% j 


-4*3% j 


0 


j + 4 , 3 % : 


+8,6% I 


1 +12.9% 


( + = saving) ! 
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Table 6*4 • Civil Engineering Effect of Changing Total Contact Hours 





* 


W *■ mmmmm - ■ i ' ’ ' m - , ^ r 

% Change in Total Contact Hours 


1 

f t \ 

j - 


+40% > 

! 


+20% 


i Present 

j Number 


* -20% 


-40% 


- 60 % 


| No, of Meetings Provided 


L 6,294; 

i 


5,395! 4,496 


f 3,597 


2,693 


1,798 


\ % of Present Ho. of* 




' 4 ■ 






Meetings 1 


I; 140 j 

l - l - 

\ 1 


"120 


'1 100 


; 80 


. 60 


4P 

j 


Full Staff Cost-per ' ; 




j 


> i 




Student (£) j 


t 1,519! 


1,302 


j 1,085 


) 868 ; 


j 651 


434 ( 


Total Annual Financial 


. ' < t 

* i 






• i 


Savings (£) j 

( + = * saving) 1 


j -28,6001. 


- 14,3001 0 


; +14,300 j 

i . \ 

■ i 


I +28,600 


+42,900 

} 

{ 






i 


1 


economic Cost per student j 


■ -641 

' . ' : 'Bq\ 




J ^ i 

♦ , < 


r ^ 




l 


Academic Staff Cost- (£) • 


L- 550 


. 458 ' 


366 


275 


183 j 

23 | 

j 


'Academia Staff' Offices (£) j 

Total Economic Cost-per- j 


... 68 


57 j 

! 


j 46 

t 


34 


a * . "" i 

I 


Student (£) 


2,715; 


2 , 612 ; 


2,509 j 


2,406 


2,303 j 


2,200 | 


% Saving- in Cost-per*^ ! 


\ 


■ | 




Student 

j ( + “saving) J 


-8. 2%j- 

t 


-4*1 %'j 

3 


0 • 


+ 4 . 1 % ; 

i 


+8.2% j 


+12,3% j 



Table 6,5 r Computer Sei-eoee - Effect of Changing Total Contact Hours 



i 


i 

u 




% Change in Total Contact Honrs 


’ 1 


i 

1 


j 

i 

i 


+40% 


+ 20 % 


j Present 

1 Wtnatoer 

! 


; - 20 % 

i 

r. 


, - 40 % 

i 1 

1 _ * 


- 60 % 


1 No. of Meetings Provided 
| % of. Present No. of 


i 

t 

i 

! 

f 

! 

| 


1,192 


1 

1 ,022 


f i 

851 


681 


i~nj~n nmnrnrrr * n | 

.j 5ii ; 

• ■ i 


341 


i .Meetings ........ ... 

i Full Staff ' Cost— per— 


140 


120 


100 / 


80 


! ■ 60 j 


40 


{ Student (£) 


1 


2,590 


. 2,220 


1,850 


1,480 


! 1,110 i 


740 


1 Total Annual Financial 


j 






i ! 


j Saving (£) 

1 ( + — saving) 


! 


-8,800 


-4,400 


0 


+4,400 


1 +8,800 i 

1 i 


+13,200 




1 


1 




1 ’ 
i * ? , 

f ECONOMIC COST PER STUDENT 

1 • " . ■ " - • 


r 

, ’ 


, V- 


Not Available 








6.4 



OUT 



101 



Table 6,6 : 



Social Scie nces — _ Effect of Ghanging Total Contact Hours 





\ 


% Change in Total Contact Hours 


\ 

\ 




+40$ 


+ 20 $ 

• ■ : 


Present 

Number 


-20$ 

1 


: -40$ 


i -60$ 

t | 

} | 


No* of Meetings Provided 


8,4-13 


7,211! 


6,009 


| 4,807 


! 3,605 


j — - - — r 

1 2,403 


% of Present No, of 


t 


i 

i 




i 


’ i 




| Meetings 


140 


120 ! 


100 


j 80 


\ . 60 | 


40 


! Full Staff Cost-per- 


i 




j Student (£) • • '■ 


861 


738! 


615 


492 


369 

i ; 


246 | 


i Total Annual Financial 




r 

i 




Saving (£) 

( + = saving). , 


-29,520 

| 


- 14,760 j 

i 

1 


0 


+14, 760| +29,520 I 

\ 1 


+44,280 


ECONOMIC COST PER STUDENT j 


1 

| 


1 

» 




i 


* 




Ac r.d cirri ic Staff Cost* • (£) j 


ry .a * 
1 


4S7! 


406 ! 


! 325 


i 

244 i 


162 


Aaad-vrilc. Staff Offices (£) 
Total Ecc.'Aond c Cost— per— j 


84 j 


72 i 


60 1 

j 


| 4© 


36 | 

1 


24 


Student (£) 

$ Saving in Oost-per- . 


1,813 i 

j 


1 ,725! 


<i , 632 ■ 


1,539 


1,446 j 


1,353 


Student 
( + '= saving) 


-11.4$ i 


-5.7$ | 


0 


+5.7$ 


+ 1 1 . 4 $ 

! 


+17.0$ | 

t 


* 




! 


{ 

j 



Table 6.7 



nd_ 



Changing Total Contact Hours 



j 


%. Change in Total Contact Hourg 


\ ^40^* ; +20% Present 

i j : Number 

1 — 


j -20$, - 40 $ j -60$ 

! ! 


No, of Meetings Provided 
$ of i Present No. of 
Meetings . 

Full Staff Cost- -per 
Student (£) 

Total Annual Financial 
Saving (£) 

( + — saving) 

— — f — ' 


i ( \ 

! 6,293 ; 5,394; 4,495 

i | ! 

140 j 120 : 100 

1 • 

4,684 | 4 , 01 5j 3,346 

- 29,460 i - 14,730 0 

L i ... | i 


j 3,596 
80 

j 2,677 

j +14,730 

! 


i : 

; 2,697 j 1,797 | 

j 60 1 40 ! 

! i 

i 2,u08 , 1,339 j 

+29,460 ;+44,190 

1 , 

1 


ECONOMIC GOST PER STUDENT 

Academic Staff Cost (£) ! 

Academic .Staff Offices (£) j 
Total Economic Cost— per— ! 

Student . (£) I 

% Saving in Cost-per- ! 

, Student * ■ . 

j ( + = saving) ] 


! ! ! . .. i 

: 1,040 ! 892* 743 i 

[ 56 48 [ 40 ! 

1 * . t • * 

3,995 ! 3,839! 3,682 

1 i ! 

j -8.6$ j -4.3$: 0 

I 1 


594 

32 

3,525 

+4.3$ 


r — 

446 1 297 

24 • 16 

3,369 | 3,212 

+8.6$ j +12,9$ 

i 1 ! 
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Table 6* 8 Applied Biology — Effect of Changing Total Contact Hours 



1 • ' ' ■: ■; V 

i 

i 

l ■ ■ ■ 

i ' 




% niiar 


5_n Total Contact Hours 




+40% j 

i 


+ 26 % T 
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Numb or 
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1 -20% j 
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i - 405 s 


-60% | 
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No* of Meetings Provided 


\ 

T* *, * " t » i 

5* to$ . 


4,4-27 [ 


^ Aj?n ; 


1 2,951 


2,213 


1,475 j 


% of Pro Rent; No, of 


j 






| 
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140 j 


120 j 


100 j 


80 1 


60 


40 


Full Stuff Cost— per— 


? 


l 


1 

j 


| j 


i 


t 


* Student (ii) 


1 3,437 ( 


2,945 ( 
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1,964 


1,473 j 


I 932 ‘ 


j Total Annual Financial ! 


! \ 

l . 


1 

1 
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- 32,340 j 


-16,170 j 


0 


+16, 170 


+ 32,340 | 
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; ( + — saving) • • 


i 

i ’ • • • . * 


f 

i 


- . - - - . 








I j 

EGONQMIG GOST FER STUDENT j 


l .. - 

j \ 


l 

| 










Academic Staff Cost (£) ; 


1,324 ! 


1,135 | 


94o 
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Academic Staff Offices (£) j 


80 1 


68 j 


57 ; 


46 I 


34 


23 


Total Economic Cost- per— { ! 


\ 


"1 


i 
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3,493 I 


3,302 I 


3,110 ; 


: 2,918 j 
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i 


! 
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Student i 
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0 : 


+6.2% ■ 
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Table 6*9 i Materials Science ~ Effect of Changing Total Contact Hours 
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j- + 20 % 
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! 
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1 ■ ] 
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! ] 
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i ! 


2,871 ! 


; 2,153 
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Meetings. 


1 140 j 


1 120 j 


i 100 1 


80 


60 


[ 4P 


Full Staff Coot— per— 


; I 
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j 

j 


n r 

j 


Student (£) 
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; 3,292 j 
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| 1,317 
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1 i 
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j '-27,640 1-13,820 


0 -! 
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( + ~ slaving) 


1 i 

* . . i 


t 


1 


. i 


i ' 

f 


i 


economic cost student 

Academic -Staff Cost (£) 


f " ! 
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1 1 « • < 
!. 

1 1,178 


7- “ ( 

\ 

■i 

982 1 


i 

786 


i ; j 

| ' 589 : 


j 

f 

s 393 ! 


Academic Staff Offices .(£■) 


! 56 


| - - 48 


1 ■ : 40‘ I 


32 


1 

. 24 ' 1 

: . • • j 


16 ’ 


Total Economic Cost— per— 


i ' 


i 

j 


i ... A 

l ■ j 




[ 1 


Student (£) 


j , 4 * 089 


3,884 


3,680 ! 


3,476 


3,271 1 


| 3,067 j 
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■ i 


1 t 

! 


f 
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1 • 1 


■ 1 
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clear from figure 6*1 , and from the tables, that the number of 
meetings provided, and therefore the full staff cost per student changes in 
direct proportion to the change in the total number of contact hours i nnnr- 
porated in the course* Thus a doubling of contact hours doubles academic 
staff cost per student and a halving oi contact hours halves this cost* 

The annual financial savings of a reduction in contact hours are substantial, 
and Table 6*10 shows the total savings over the nine courses together of 
various proportionate changes in the total contact hours* 



Table 6.10 : Total Savings on^9 Courses in Relation to Total Contact Hours 





% Change in Total Contact Hours ! 


+40% 

i 


• +20% ] Present 

. Number 

r 1 


[ -20% 


-40% 


-60% ! 


Saving 
yi Wif: { l) 

* ■- v'-'n.sjg) 


-219,000 


-109,000 

i 


0 


+109,000 


+219,000 

i 

j 

i 


+328,000 

[ 

t 



In terms of the economic cost per student, the reduction in cost 
associated with a 20 % deduction in contact hours r aries between 3 * 7 % and 
6 * 2 % • Thu for all tho courses , weighted by the number of students 

on each course is 5*1/6* 



CHANGIHG THE NUMBER OF OFT] 



SUBJECTS 



In this section we consider the effects of altering the number of 
optional dub j eats that are available to students. A subject is optional 11 
if it iS ( one of a aeries of alternatives from which a student must select 
at least ones ..it is not optional. in the sense that he can avoid altogether 
this part of the course# The course structure, in terms of contact hours 
of oach ‘ twoe . of meeting and groups sizes, remains unchanged, but smaller or 
larger numbers of optional subjects are offered to students, from which 
they must choose the same number of subjects as at present* The nuanber of 
compulsory subjects and their hours of teaching are held constant* 



Mot all courses contain optional subjects, and in those that do, not 
all years of the course contain them* Furthermore, the present situation 
with regard. to number of options varies considerably* The first year of the 
Social sciences course , currently offers eight options of which students must 
choose five* Other courses require simply a choice of one out of two 
sub joe be a The pattern is further complicated in that in son© courses, the 
options cover a very large proportion of the total contact hours, whereas 
in others only d single lecture a week may be involved* 



It is therefore difficult to generalise about the effect on costs of 
changes in the number of optional subjects offered. The method adopted here 
is to start with the present situation on each course, and thou alter the 
number offered by one and two in each direction. The' proportional change in 
the number of options thus differs betvcr.M crurr-'es , and np.ro must be taken 
not to ovor-generalise from highly . specific d:Ar..., 

In estimating the number of students who will select a particular 
op ( ,uo?i tvo": vKo- 55v; range nvtiJ.ablo , the method differs according to whether 
the mr.'/C 2.0 being increased or decreased. 

"f" r educing the number of options., that one which currently enrols the 
smallest proportion of the students on the course, is discontinued. The 
S budi-io Co taxing it are ro— distributed over the remaining options in propor- 
tion to tho present size ' of those remaining options. The result an t total 
nuTToer of meetings is calculated. This .process is successively repeated 
with the smallest remaining, option. 

In increasing the number of options, it is arbitrarily assumed that 
each additional option attracts the same proportion of students as it 
represents of the number of opt ions available, i.e. If a f if th option is 
is added to four existing ones it will attract one-fifth of the students. It 
is further assumed that these will be drawn from the existing options in 
proportion to their present size, i.e, each of the four original options 
loses one— fifth of its enrolment. 

As far as the teaching of the additional options is concerned, it is 
assumed that they involve the same number of lectures, classes, etc., and the 
same group sizes as the original options. The situation pertaining at the 
University of Bradford suggests that this assumption is realistic. 

Tables 6,11 to 6.14 show the results for Courses that at present 
contain optional subjects, and i'igure 6.2 expresses the results graphically. 



Table 6.11 s Co lour Chemistry - Effect of Chanr n r.g the I-Jumber of Optional 

Sub .i ects 



i 

l 

i 


! Number’ of Optional Sub.i ects 


J 


+2 


i 

+1 


Present | 
Number 1 ~ ‘ 

i 


-2 

# 


.No* of Meetings Provided 
% of Present .No, of Meetings 
Full Staff u o s b— p er— Student (£) 
Total Annual Financial Saving (£) 
( ■«* — savins) 


3,168 

120.0 

2,470 

-8,650 


2,904 

110.0 

2,264 

-4,330 


2,639 j 2,309 
100 ! 87. 5 

2,058 j 1,801, 
0 j +5,400: 

s j 


2,309 

87.5 

1,801 

+5,400 

! 


ECONOMIC GOST PER STUDENT 

Academic Staff Cost (£) 

Academic Staff Of fie os (£) 

Total Economic Cost-per-Student (£) 
% Saving in Cost-per-Student 
f + = savins) 


1 

942 
76 i 
4,038 
-4.3% 


1 ; 

864 

69 

4,003 

-2.2% 


j 

785 j 687 

63 j 55 

3,918 1 3,802 

0 j +3.0% 


1 

687 

55 

3,802 

+3,0% 

I 



Only 2 options currently available, thus results for —7 and 
—2 are the same, 

6,5 
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Table 6,12 ! Civil Engineering - Effect of Changing the Humber of 

Optional Sub.1 ec ta 



1 

f 


Number of Ontional Sub lee ts 


+2 


1 + , Present 

’ i Number ~ 


-2 


! No. of Meetings Provided 
j % of Present No, of Meetings 
! Pull Staff Cost-per-Student (£) 

Total. Annual Financial Saving (£) 
( + = saving) 


4,712 

104.8 

1,135 

-3,300 


j U£2 j 

4,604 ] 4,496 ; 4,388 

102.4! 100 ! 97.6 

1,110 j 1,085 j 1,060 
-1,650-: 0 ; +1,650 

i i 


4,280 

95.2 

1,035 

+3,300 


ECONOMIC COST STUDENT 

Academic Sts f£‘ Cost (£) j 

Academic Offices (£) j 

Ec-o'.i^or* r c- 3 1 —per— Student (y.) i 

| 1 - :r * -«par-Student : 

;• • ••• ?•>- ■■■■■*%) j 


1 

< 

480 ! 
60 I 

-,534 { 
-1 .,0% ; 
t 


|l| 

469 f 458 i 447 

58 ; 57 j 56 

2,521 j; 2,509 i 2,497 
-0.5$ 0 j +0,53? i 

i ! 


436 

54 

2,484 

+1.0^ 



Table 6,13 ; ggBBafeS C Science - Eff ect of Changing the Number of Optional 

Subjects 
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Table 6 - 1 A - thT-fnl ,_Scl(; r;o^n 



71 f?fVl 



T J » . 






Optional 



pJ1_Qp tienal Subi ects 



• i~ * . ,, : „ 

; -K.-* ( l 


f Present i 

! Nmabor f “ 1 


iu 


ivc*-, rz r, ovi.dt50. t c>/o5 , 

$ of 9,a>earil> Ko, of Meetings j 112*8 1 

Full vtrl fc»-t**pojr student (.£) ; 694 

To 1-si 1-’. ' 1: AwiC lal Saving (£} -9-4.80 | 


! 6 , -;*■? 

1 106,0 
\ 6;”2 
<40 

f 1 


! 6,009 
1 100 
1 6l 5 ; 

; o 


! 5 , 583 
: 93.1 

i 573 1 

i +5,040 j 

: j 

[ j 


r 

! 4,992 

83.2 

! 512 
| +12,360 


ECONOMIC 00ft 'PER GTUDENT 1 

j Ac r.di*dc. Staff Cent (£) j 45S ] 

Academic Staff Offices (£) i 68 j 

Total Fc;.no"-jv Cr.st-per-8tudent (£) j 1,692 j 

% Gv v ■ a'*: In 8 o-j^-per* -Student i — 3«?% S 

; * - driving/ j 1 


j 

1 430 j 

• 64 ! 

! 1 . 660 i 

’ -1.7% i 

1 ! 


| 

406 

60 

1,6.33 

0 


i 

378 ! 
56 

1,600 

+2.0% 


1 

337 

50 

1,553 

+4.8% 



.It can be .seen from the tables that an increase in the choice of options 
available oa.nsss an increase in the number of teaching meetings provided and 
therefore in stnx?f cost per student * Conversely a reduction in the available 
number of options enables staff economies to be made* Thus a reduction of two 
iri the number of ic calculated to save £;« 400 tcunuaily in Colour 

Chemistry (the equivalent of T|- staff members) , 5:2.300 In Civil Engineering 
(1 staff member), £1 , 020 in Computer Science (■£ ^tf-iff member), and £12,360 
in Social Sciences (almost 3 staff members),* The effect on the economic cost 
per student is quite significant a 4-81 r^cucb'cv:; in •3o::i. ,, l Sciences, Even 
the 1 m C% saving in Civil Engineering is important,, from such a relative minor 
change in the pattern of teaching. Whilst it miftht. be difficult* and indeed 
academic cd.l ; 7 rjidesirablR, to persuade universities to reduce the range of 
optional sub,j «y: ts available. It i s imp orta nt that they sho u- ld not proliferate 
tho ir ef op tions further as this sivni fieg-nr ly^in c ruasn s eogt per 
studsrdrb. IV ’Colour’ Chemistry we calculate that two extra options would 
increase the economic cost per student by U*3% 

3, CHANCING THE MAXIQIUM SIZE QF TEACHING GROUPS 

Tv— o investigate the effects of changing the sizes of teaching 
grr , for n*.?Ar component* of existing courses, professors have specified 
the nvaxijym; nur lor of students that may attend a meeting. These maxima are 
ola&slf lad In Chapter 4* table 4,1* If student enrolment on a course exceeds 
this bA^ifi '•jhc-n the meeting will be repeated* This does not apply to 
lecturer s/hox-c? professors have specified that there Is no maximum to the size 
of group-. 
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' In this section* the course structure is altered by varying group 
size maxima , - whilst holding constant the total contact hours per student and 
the relative balance of different teaching methods. The method adopted is to 
increase and decrease the group , size maxima for all the meeting types together 
by stepsr of 10% from 50% of present size to 200% of present size* except in 
the case of lectures where the n no maximum 11 condition is retained. Thus if a 
course consists of lectures, classes of 30 students and classes of 50 students, 
•the. group sizes considered will range from 15 and 25 by steps of 3 and 5 
respectively up to 60 and 100. 

Results are presented in tables 6*15 to 6.20, and in figures 6*3 to 

6 . 8 . 



Table 6.15 • Pharmacology - Effect of Changing Size of Teaching Groups 





% Change in Maximum Group Size 


-40% 


. -20% 1 


i Present i 
Size | 


: + 20 % - 


+40% 


+60% 


No. of Meetings' Provided 


2,475: 
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1 ,71 6 j 


| 1,716 
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! 1,683 i 


' % of Present No, of 


• - • 1 
i . j 


1 
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Meetings i 
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100 
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98 j 


Full Staff Cbst-per- I 


1 








1 


i 


. Student : (£). ! 


! 4,503: 


; 3,123 


3,123 


3,123 


3,123 ; 


3,061 j 


Total Annual Financial 


1 - ' j 

1 1 


i.:.'. • 
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1- 0 


0 


0 


0 
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( * = saving) 
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■ >' ) 
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| 
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, | 
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i 

j' 
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1 

j 


j Academic Staff Cost (£) 
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! 349 j 
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549 i 


f. 549 


538 j 


Academic Staff Offices (£) 


80. 


; 57 


1 57 


57 1 


j ■ 57 


56 j 


j Total Economic Cost-per- 




? 1 


I " ■ 

i ■ , * 




j 


! 


v Student (£) 


3,558 


| 3,294 


i 3,294 


! 3,294 ! 


! 3,294 


3,282 j 


j % saving in Cost-per- 


l 


1 

1 


! 


! 


t 


< 

. i 


i Student 


-8% 


I- 0 


! 0 


0 


1 ° 
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| ( + - saving) 
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Table 6.1 6 j Computer Science — Effect of Changing Size of Teaching Groups 







% Chanse in Masrfjmisn Group Size 
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‘ ‘ '■ ‘ . ■ * ! 


- 40% 
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j ***’1 


Present ; 
Size ; 


+20% 


| +40% 


+60% j 

i 


No. of Meetings Provided . 
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( I 

1 112 | 

? i 


831 j 
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Full Staff Cost-pur- 
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100 ! 

I 


100 ' i 
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1 
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I 
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i Total Annual Financial 
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| 2,072 | 

i | 


1,850 ! 

t 

s 


1,850 


1,850 


1,850 
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i '■ i 


-6,000 
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\ - 

> 


0 | 

1 


0 


0 


0 
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ECONOMIC COST PER STUDENT 
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Table 6.17 i Chemical Engine ering - Effect of Charging Size of Teaching 

Groups 



! “.T. - , , 


I . .% Change in Maximum Group Size 


i ’ 

! ■ ! 


j -40% 

f ■ t 


1 -20% j 

1 


Present 

Size 


| +20% 


+ 40 % 


! +60% 


s \ 

No. of Meetings Provided* i 


I 1,829 


[ 1,355 j 
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| 1,289 ■ 


.1,257 


! 1,216 
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0 


+400 
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} . | 








1 
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Academic Staff Offices (£) 
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50 
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s 

j 
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2,831 j 


| 2,584 I 


2,557 1 
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i 
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| ( + s.ivj nv) j 
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1 
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i 

| 

1 


i 
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* Per half— year, i.e. for each of the two intakes. 
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Table '6. IS r Colour Chemistry - Effect of Changing Group Size 
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% Chance in Maximum Grouo Size 




» ‘ _ _ ■ ■ • j 


-40% 

: _i 


-20% 


! Present 
! Size 


! +20% . j 


; + 40 % j +60% 

{ 
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j 
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( No, of Meetings Provided 


3,642 


2,749 

1 


j 2,639 j 
i : 


1 2,598 


2,558 1 


1 2,546 
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* % of Present No. of 
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i 


| ' ' 


j Meetings 

! Full Staff Cost-per- j 


f 138 

i 
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i 


! 98 ! 

I ■ i 

i 
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1 J 

1 


\ 96 

I 


I Student (£) 

f Total Annual Financial 


2,840 


; 2,140 

1 


2,058 i 


\ 2,017 j 


j 1,997 j 

i 


1 1,976 

i 
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j j£ + — saving) 
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! -1,720 


0 


+880 ■ 

j 


+1,320 

i 
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ECONOMIC COST PER STUDENT 
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i 1111 

1 

| i 








Academic Staff Cost (£) 


1,083 | 


1 816 | 
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! 769 
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754 


Academic Steff Offices (£) 
I Total Economic Cost.-per- 


90 | 

i 


66 j 


! 63 

. i 


: 62 


61 


60 


j Student (£) 

j % Saving in Cost-per— 


4,240 


3,952 

i 

; : i 


3,918 j 


3,901 


3,892 

i 


3,884 
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-8.3% 


-0.9% j 


0 


! ' ! 


j +0.7% 

' 1 


+0.9% 
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i 
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Table 6,19 ? Civil Engineering - Effect of Changing Group Size 







% Change in Maximum Group Size 


l V | 


-40% 


-20% 1 
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! Present 
Size 


+20% < 

' j 


+40% j 


+60% [ 


No, of Meetings Provided 


5,813 


5,481 j 
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j— ^ 1 
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4,164 
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1 

1 


• ! 


t J 






Meetings 


129; 


| 122 j 
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' 93 ! 


93 


93 
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[ | 


1 






i 
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! 1,324 
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1,009 I 


Total Annual Financial 


! 


| • ' : 


; 


j 


j 


J 


Savings (£) 


-20,800 


-15,700 


i o 


+5,000 | 


+5,000 


+5,000 1 


(+ = saving) 




1 

i 
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1 

1 




! 

1 


Academic Staff Cost (£) 
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458 
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426 


426 i 


Academic Staff Offices (£) 


74 


70 


57 


53 


53 


53 


Total Economic Cost-per- 


1 






f 

i 
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2,659 


2,623 


2,509 


j 2,473 


2,473 


j 2,473 


j % Saving in Cost-per— 
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l 
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-12.0% 


~4>* 5/^ 


0 


i +1.6% | 


+1.6% 


j +1.6% 


j ( + - saving) 








! ; 


1 
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% 



6,13 

O 

ERIC 

p*. 

L. i I. 



112 



Table 6.20 : Social Sc iences - Effect of Changing Group Size 
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No. of Meetings Provided 
% of Present No. of 
Meetings 

Full Staff 



- 40 % 



.% Change in Maximum Group Size 
-20% ! Present +20% ; + 40 % 
' Size ; i 



8,242 i 7,129 
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118 : 



6,009 I 5,23li 4,983 4,798 | 

! j j 

100 ! 871 84 ! 80 j 



Student (it) 

Total Annual Financial 


I 843 

‘ ; 
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j 
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j 49, j 


Saving (£) 

( + - saving; 
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i I 


[ -13,320 

I 


0 


; + 9,600 
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f 

i 


+14,800 j 


j ECONOMIC COST PER STUDENT 


! | 
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j 


[ ^ — 




! Academic Staff Cost (£) 

j Academic Staff Offices (£) 
j Total Economic Coct-per— 
j Student (£) 

i % Saving in Cost-per- 
1 Student 

i ( + = saving) 


S 556 i 

; 82 

1 

1,804 i 

1 

1 -10.5% 1 
i ! 


479 

71 | 

1 

1,716; 
-5.0% j 

f 


406 

60 

1,632 

0 


353 

! 52 

1,571 

1 

+ 3 . 7 %; 

1 


341 

5° 

1,557 

+4.5% j 

I 


325 
48 1 
1 

1.529 

+5.7% 

f 

I 



It. can be seen that economic cost— per— student Is very insensitive to 
ln 2?? a f QS 111 maximum sizes of teaching groups. Apart from Social Sciences, 
a 00>6 increase in group size never reduces economic cost-per-student by more 
than 1.7,© Only in Social Sciences does the size of group significantly affect 
econpm-c cost, and here a 60 % increase in group size causes economic cost to 
fall by 5 <.7% 

The- annual financial savings in the cost of academic staff are 
c orres pond.tr gl'y small. A 60% increase in group size on aU six courses saves 
only £ 25 , 000 . 

. 1 lij'fcae £vo<w hand a reduction in group size ma xima is much more 

significant. A cut of 40 % causes increases in economic cost of between 

8 . 0 % and . ...... 
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Assessment or the relative costs of different methods of 
teaching is closely related to the relatives effectiveness' of the 
different methods ±e turns of the cuality and impact of the 
education imparted. It strikes too at professorial sovereignty 
in the teaching of his subject. Vie do not, in this • report, 
co/.'j out upon the educational effectiveness of different teaching 
methods. iiathcr* wu attempt to measure the coat, in terms of 
■ total teaching load, pf alternative methods of teaching o:.tistino 
courses. - 

The total umber of. contact hours 'per student is hold 
oonctrurt but the' relative balance of lectures, ell asses- and 
tutorials constituting; the course is altered « Because of the 

gretvb variety of combinations of teaching methods currently in use 
at the University of Bradford, it is difficult to b.o wholly 
systematic in the j.smmor of changing the combinations . The 
method generally adopted is to reduce the ntor.ibor of lectures per 
wooJc by 25J&, 504 aiid 100^ and increase other forms of teaching 
to maintain the same, total contact hours per student. Then the 
weekly number of classes and seminars is reduced by the sane 
proportion, Tbr course::-! where individual tutorials are giver?., on a 
of the combinations postulated Is to replace thou by lectures, 

Throughput this- section group size wmdniu. are held constant. 

‘ ' Results arc presented In tables 6.21 to 6, 25 
diid in fiigurop 6.9 to - 6. 12 

* • ■ ; : -> • ■ ‘ ’ ' 

Tabl e- 6.21 : Pharmaccaoyy . - Plf f oront cmabinat l onS; of 

teaching metho ds. 



Pro’s oiit; % reduction in 
jhothod J Bo. of lectures 

: I i 



% reduction! Abolition of 



in i,o. of 
class os 



Tutorials 



Bo. of Meetings Provided 


1716 


, 174011766 


rrv~r-.. 

1815 


1733 


~ ■ *““T “ 

1749 1679 -j: . 


% of present ho* of meetings 


i ipo 


j 101 


; 103 


; 106 


101 


102 


j 98 . 


Full Staff Cost per Student 


;3123 


j 31543217 


r 3310 


3154 


13185 


j ,3061 


Total annual T’inui.cial Savings 
(+ = saving) 


! 

0. 

; 

- 1 - ..... - 


j ! 

* * 

I -280-340 

L 


i 

-1680 

;! 7 ! 


1-200 

. L . . 


'-560 

; . _ 


+560 ' . 


ECOliQWiC GOST ' M STUi ‘SfoT . 


... . 
• l ' 


j 


4 

j 


;t / 1 

f * 




• . 




Acadca.dc Staff Coot (£) 


549 


; 554 


| 565 


j 583!.! 


i 554 


j 560 1 


i ' 530 


Academic Staff Offices (£) 


! 57 


7^ 


| 59 


; 61 J 5C 

j 3332 3300 


! 50 ■ 


56 


Total ecaiaiie coco per student (£); 3294 


j 3300; 
1-0.2*; 


3312 


3306 


3282 


% Saving in cost per student 


0 


-0.6? 






f-0 •4'H* 


+0.44 


(+ - saving) 


■■ 


! J 


; 


■ 
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•* Chemical Eruiiaocrltig - Different combinations 

of tcachiii; 1 . lacthods . 






■ ■■ . : ■ ■' 

i 


; Present- % reduction in 
Uiothod j iTo. of lectures ; 

- 255 i - 50 ^ - 100 ^ | 

i J. 


Abolition of 
Glasses 


Abolition j 

of Tutorials j 


Bo m of Meetings Provided 


051 1 


? - T 1 

j 947:10481 1208 i 


065 


673 


’ % of Present Lo. of ii-jcbiags 


' ICO 


' 111 } 123 i 142 ■ 


102 


79 


1 Full Staff Cost per Studcat(£) 


. 1050 


i 2054 2276 | 2427 1 

? * ■ i 


; 1009 


37.61 


| Total Annual Financial Saving 


! 0 


i ' ■ | 

'-2450 -5100 -9300 i 


| -450 i 


I +4700 


(♦ s sav-uib) 




' ' ■ ■ 


! ! 


i 

i 


ECGiiOiblU COST f it mTUDMI;T . . 




ivOT. AVAILABLE • 







s " - * 


Present, % reduction in j 
iiotliod : Mo. of lectures.; 

; - 25 ^^ 50 ^- 100 ^ 


% reduction in' ■ 
Ao« of classes j 

-50g i. -100$ 


Abolition 
of i 

Tutorials j 


j Mo. of i-iootin'jO Provided * : 


lM94 


| 1434 


1503; 


! 1840 


1301 


^ : 

1811 


| 1119 j 


% of Present iio*of- 1 lootings 


100 


; m ! 


• 122; 


| 142 


107 


1/0 1 
1 


| 87 j 


Full Staff Cosii per Student (.Cj 


530 


I 506 


647 


| 753 


5 67 


742 i 


j *- 61 


■ ’Total Annual Financial Saving 

: . . (4 


0 


-4650 


-9350] 


r 1700Q 


-3000 


-17C00 ' 


l +5500 


* (* - "Saving) 

). ..A. ^ 




. 


i 

1 i 

; 


I 






i 


.... . 

{ECQMOMIG GOST Pi-.U- STQEEMT. ' ■ 


i.. ; ' 

i 












| Academic Staff Oofet (.8) 


617 


605 


753 ! 


076 


660 


864 


537 


'’Academic Staff Offices (,S) 

«: = 


i '&2 


!•- * 52 


64 


74 


56 


73 


45 


ISotal Econonic Cost per Student 






* 










f ■■■ ' 4 , .. ■ ^ («) 


2p57 


2633 


2699 


2836 

t 


2604 


2025 


2470 


% Saving in Cost per ’Student ( ■) 


0 


-2*955 j 




[-11,055 


-1,855 


-10.5/i 

f 


+3.555 


(+ — saving) 

3 * ! ■ c ' \ ^ . 


! ' 


. ! 


! ; 

f v i 


l 

l " 




1 


i 



per balf-yoor, i.G. for each of two intakes*. 
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Tab le 6.2/, s Civil Engine orin/? 



Different coi. l iin. tion s 
of toachin;.-. metho ds . 





Present 

Method 

■ 

L 


% reduction in j 
lio, of lectures | 

- 50 * j-aOQ4 


Abolition of 
Hayses :GXgsocs 
of 40 ! of 30 

i 


' - — t 

I 

! Glasses { 
_ of 20 ! 


No, of houtlnEfl Provided 


4496 


4813 j 


i 5H1 


5744 


4979 


| 4424 


3936 


% of ProGoiit Ko* of Lootings 


100 


107 


114 


128 


111 


90 


87 


Full Staff- Op, st per Student (,C) 


1085 


1161 


1237 


1369 


1204 


1063 


943 


Total Annual Fiainciul Saving 

. . (£)‘i 


1 

0 ! 

'i 


1 ... J 

- 50 c 0 ■ 
1 


-10000 


-20000 


-7800 


+1400 


♦9400 


(+ - savins) . 


= ! 

1 


1 

[ ■ 
► * 


- \ ' 










IJGQiQaXG 003 X Pjk bTUOLS.T. 


; - J 


I 












ikCcdoMlo Stuff Goqt. ( 6 ) 


458 

j 


490 

» 


| 522 


\Q 

'C3 

U'\ 


508 


449 


398 


ii.cacipi.iie Staff Offices . (£) 


57 


f 61 •' 


65 


73 


63 


56 


50 


Total lSooi.m..ic Coot uuv Student 

..... • (rf) 


2509 j 


j ’ ‘ 

I 2545 


2563 


2653 


2565 


2499 


1 2/42 


Jt> Saving in Oast per Stud but 


i 

.0 


*-l i 


1-2,3?, 


-5.7m . 


—2 . 2 /., 


+0.4M 


+2.7M 


( + = E^avii^a) 


i 

i 


1 


£ \ 
f 


r 


1 

1 


! 





T able 6»25 : Colour Chemis try *» D ifferent combinations 

of teaching methods 



Present! % reduction in < % reduction > Abolition of 



No, of Meetings Provided 

% of Present No, of Mootings 

Full Staff Cost per Student (£) 

Total Annual Financial Saving 

(£) 

(+ = saving) 



Method ? No. of lectures j in No, of 
*' ■ , , classes 

! -50JS j -100$ - 50 %; -100. 



2639 

100 

2058 



ECONOMIC COST PEE STUDENT 
Academia Staff Cost (£) 

Academic Staff Offices (£) 

Total Economic Cost per Student 



Saving in Cost per Student 
(+ = saving) 



4077 

154 

3169 



0 823300 



5622 8563 4787 \ 6830 

213 j 324 131 ] 259 

4383 j 6668 3724 ! 5331 

J 

-4SS0C J-968qo!-3500o!-6870Q 






785 

63 

3918 

0 



1209 

97 

4376 

-11.7 



Tutorials 



2477 

94 

1935 



1672 t 2542 5 142 i S 2034 
* 1 'I 



134 J 205 | 114 
4876 I 5817 I 4605 



4876 j 
-24.9 



163 



5330 



1-48.5 j-17.5 1-36.1 - 



+2600 



-fr 



738 

59 

38 ;? 
+1.3 
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+ . ? he> altering _ the balance of different types of 

cohsidSabl th ° e ^- s |f J2 g total intact hoars varies 

drably hot ween courses.. The roplacenent of lectures by more 

as 3th Jf tutorW.of the same size and in the same proportion 
3Jte£+' 35® eo^se structure causes economic cost-par "" 

■p ° nse between 1 * 2 % and 4-8 * 5 % ? or on average by 13 0 % 

Replacement of classes by lectures and* tutorial! Suses oc!noSc cost 
€aS r J°J we P n and • 36.1%, or on average by 9.9$. 

tutorials by lectures and classes shows savLgs in 
oiiiic cos o etwuon 0.4$ and 3 * 5 %, an average saying of 2*7$, 



alternative; combinations of teaching methods t stulated 
u '. , , ° a ^ ow of an almost limitless range. Further research 

Sll bo hSd r StTtm t0 and lisouss^LlS^o 11 

wa-EX be nclo. with the schools of study involved * ; 
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CHAPTER 7 

Economies Arising from Increasing The Teaching Load Of Staff 

In Chapters 5 and 6 it was assumed that the average annual teaching 
load of staff remained constant. Now, in Chapter 7, we investigate the 
potential savings from increasing teaching load, 

After briefly commenting on the relationship of teaching and 
research, we look at a number of individual courses and see how the number 
of staff required, and consequently the annual financial cost, woula vary 
in different teaching loads. Savings are calculated in terms of the f ull 
cost off the staff concerned, i.o, no allowance is made for time devoted to 
research, etc. Substantial potential economies are identified. 

Finally, we consider the effect of changing teaching load on the 
economic cost-per-student defined in Part 2. We conclude that this is not 
a particularly helpful way of expressing the savings, but has important 
amplications in identifying tne ^savings** as largely reflecting a transfer 
of resources from research activities, 

1 } RELATI Oi'SHIP OF TEACHING AND RESEARCH 



It has often been suggested that teaching loads might be increased 
in order more economically to cope with additional students, even to the 
extent of employing some staff whose sole function would be to teach, and 
who would not be expected to engage in research. This proposal is normally 
countered by the assertion that teaching and research are mutually depen- 
dent- - that research ©naKLep a lecturer to teach his subject in a stimulat- 
ing and up-to-date manner, and that the discipline of ordering thoughts for 
tho purpose of teaching is invaluable in giving shape to otherwise 
amorphous research activities, 

■acceptance of the need to combine teaching and research activities 
does not however preclude the possibility of altering the actual distribu- 
tion of time between the two. Whilst there is abundant material to support 
the case for engaging in both, there has been no justification of an y 
particular pattern of distribution. 

The survey of academic staff time carried out in the University of 
Bradford in 1963 found that the proportion of staff time during term, devoted 
z° a # v ? rk .directly related to undergraduate students varied between 4 5% and 
61% in different Boards of Studies, Actual teaching time per week averaged 
between 6 and 3 hours in different boards , 

These averages, however, conceal considerable differences between 
departments and between individuals, , Indeed the very nature of the academic 
poet requires flexibility. Insofar as universities engage in the two 
activities of teaching and research, one would expect that the dominant 
talents of different members of staff would be in one or other of these 
directions. 

It appears, however, from the figures quoted above, that there is 
scope for increasing average teaching loads, at the expense of other 
activities, without completely removing opportunities for research, and 
in this chapter we make selective .additions to teaching loads in order to 
see what effect this has on costs,” 1 1 123 

7.1 



2) BFTTQGT OF INCREASING TICKING LOAD ON THE TOTAL STAFF GOST OF COURSES . 

In this section w© take each of the courses studied in Chapters 5 and 
6 and recalculate the number of academic staff requ ir ed, and the total 
academic staff cost of the course, with several different average teaching 
loads. The present course structure, in terms of contact hours and group 
sizes, is held constant, and enrolment is progressively increased up to an 
approximate doubling of thu present intakes The costs quoted represent the 
full cost of the academic staff required to teach the course — no deduction 
is made in respect of the proportion of time devoted to other activities 
such as research. 



Five alternative values are attributed to the average teaching load? 

a) the current average load for the appropriate Board of Studies 
within the University of Bradford.. These are the values found 
by the 1968 survey, and modified to allow for the subsequent 
deterioration in the staff ; student ratio! The load is 210 hours 
per year for all courses except Social Sciences, which is 280, 
end Computer Science which is 132,. : 



b) a 25$ increase in the current average load (260, 350 and 165 

hours per year). .. " 

c) a 50$ increase in the current average load (315* 420 and 198 
hours per year) , 

d) c-. 75% increase in the current average load (365, 470 and 231 

hours per year) . 4 



e) the load obtained by assuming that the U.K, average weighted 
staff s student ratio for the appropriate U.G.C. subject group 
was actu a l l y in force in the University of Bradford, calculating 
the notional staff entitlement at the current level of 
enrolment* and dividing this into the number of meetings 
provided . A The U.K. average ratios applicable to each course 
ore shown in Table 7,1, together with the nominal annual 
teaching load per member of staff. It will be seen that 
these vary considerably. 



1 

* See Chapter 4, Tables 4*4 and 4*5 for details, 

2 . 

See Appendix 4, for a full description of the method of calculating 
this load. 
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Table 7.1 



tJ ,K, Average Weighted Staff; Student Ratios » and 
Nominal Teaching Loads at the University of Bradford 



F Course j 

i ■ 1 ! 


U.K. Average Weighted 
j Staff ; Student Ratio 

i . . - ■ 

I 


j Nominal Teaching j 
Load | 

(hours per year) i 


f 7 “ 

’ Pharmacology 


1: 7,04 


465 ] 


j Chemical Engineering 


1 : 12,38 ■ - • " | 


i 100 


i Colour Chemistry 


1:11.0? 


475 


« Civil Engineering’ ‘ ' 


1:12.38 


281 


t Computer Science 


1:12.07 


284 


[ Social Sciences 


1:13.47 


225 


Applied Physics j 


1:11.09 j 


569 


j Applied Biology j 


l 1:10.71 . ! 


439 


j Materials Science 


1:11.09 ! 


500 



Figures 7.1 to 7.9 show the number of academic staff required, and 
their total cost at different levels of enrolment, with each of the 
alternative teaching loads. Scale 1 .measures the number of academic staff 
required, and Scale 2 the total academic, staff cost of the course, attribut- 
ing the a, oil cost of staff to the course* .Each line on the. graphs represents 
a different teaching load, the dotted lines being the nominal load obtained 
by applying the U*K. average staff t student ratio. 

Th.e detailed results presented, in figures 7.1 to 7.6 are summarised 

below. 

Tables 7.2 and 7.3 respectively show, at the current level of 
student enrolment, the number of academic staff required, and the academic 
staff cost of the epurse, for each teaching load. 

Table 7*2; Academic Staff Numbers in relation to Teaching Load with the 
1 Current Enrolment 



i \ 

Course 


... „ - - p 

Current j 
Average J 
for Board of ! 
Studies | 


Tea.: 

25% 

increase 1 
! 

1 


^hine Load 

50% I 

increase „ 

. I 

"... | 


i >: 

; ^5^ |I 

! increase 

!■ . ■ !!' 

[ ■ ’! 

1 '« 


j 

Obtained from ( 
' tJ.K, Staff; j 
Student Ratio f 

i 


! Pharmacology 


1 * - — — 4 

8.2 i 


6.6 


i 


5.4 


n 


r y 7 

A* / 


3.7 i 


j Chemical Engineering 


12,3 i 


9.9 


\ 


8.2 




7.0 !j 


25.8 


] Colour Chemistry 


12.6 ! 


10.1 


l 


8,4 




7.2 ;! 


5,6 j 


1 Civil Engineering 


21.4 j 


17,2 


| 


14.2 




i2.3 ;| 


16,0 j 


■ Computer. Science 


6,4 1 


5.2 


1 


4.3 




3,7 ;; 


3.0 i 


[ Social Sciences 


21.5 1 


17.2 


I 


14.3 




12.8 i‘ 


26.7 ' j 


j Applied Physics 


21 .4 i 


17.3 




14.3 




12.3 ; 


7.9 j 


| Applied Biology 


17,5 


14.2 




11.7 




i 10.1 


8,4 s 


- Materials Science 


17.1 ! 


13.8 


; 


11.4 


! 


i 9.8 


7,2 
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Table 7»3 5 Academic Staff Cost of Course in relation to Teaching Load 

with the Current Enrolment 



i 

i 

i ..... 

1 

1 

j ..... 








Teaching Load 




J 


Current i 
Average . 

! for Board of 1 
; Studies ! 

! L 


25 % 

increase 


so % : 

increase • 

i 

; \ 


75 % 

increase J 

i 

1 


Obtained from 
;i U.K. Staff? 
ij Student Ratio 

l: ' ' 






£ 


i 


• • £ 


£ ■ 


£ ! 


jj £ 


< Pharmacology 




28,200 


i 


22,700 i 


> 18,600 - 


16,200 


• ! 12,700 


| Chemical Engineering 


! 


42,300 


i 


34,100 


28,200 ! 


24,100 : 


j 88,800 


i Colour Chemistry 


I 


43,300 


1 


34,700 


; 28,900 


24,800 ! 


! 18,900 


! Civil Engineering 




71 , 500 


i 


59,200 


48,900 


42,300 ! 


■ 55,000 


i Computer Science 


i 


22,000 


f 

\ 


17,900 ; 


14,800 • 


12,700 ! 


!{ 10,300 


j Social Sciences 




74,000 


} 


59,200 


49,200 ! 


44,000 i 


! 91,900 


Applies Physics 




73,600 


i 

1 


59,500 : 


49,200 


42,300 : 


27,200 


: Applied Biology 




60,200 


i 


. 48,900 ; 


40,200 : 


34,700 


28,900 


i Materials Science , 




58,900 


1 


47,100 


39,200 


33,700 


24,800 



It will be seen that the potential savings are substantial. Table 7.4 
shows the total annual savings from the nine courses together if teaching 
loads were increased, compared with the situation with the present teaching 
load. 



Table 7*4 « Total Savings on 9 Courses in relation to Increased Teaching 

Load with the Current Enrolment 



j ' Increase in Teaching Load 

j 4 25% 50% 75% 

] Number of Staff Saved ! 26.8 { 46.2 j 58.5 

I , . } I 

j Total Annual Saving in Staff Cost (£) j 93,300 159,000 I 201,000 



, , , It is unlikely that staff establishment would be cut to the extent 

necessary to generate increases in teaching loads of the sizes quoted above. 
What is more likely is that during an expansion of student numbers the 
growth in staff numbers would be so restricted as to force an increase in 
average teaching, load, • . . . 
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Accordingly, we postulate the same increases in student ntcnbers as 
wore considered in Chapter 5* Numbers are increased to approximately twice 
their present sLze ? care being taken to choose optimum points corresponding 
to troughs in the Staff Cost Index* 

-tables 7*5 and 7.6 respectively, show, at an optimum level of 
enrolment approximately double the present, the number of academic staff 
required, and the academic staff cost of the course, for each teaching load* 



Table 7.5 t Academi c Staff Numbers in relation to Teaching Load with 

an Approximate Doubling of Enrolment 



Course 



I- 



Current 
1 Average 
ifor Board of 
i Studies 



Pharmacology 1 

Chemical Engineering : 
Colour Chemistry ! 

Civil Engineering j 

Computer Science j 

Social Sciences j 

Applied Physics 
Applied Biology | 

Materials Science i 



11*9 

19.0 

18.8 

27.7 

8,1 

33.5 

36.4 

26.1 

31.2 



Teaching Load 



50 % 75 % 

. increase ‘ increase ; increase |j 



' 9,6 

15.3 
15;2 

22.4 

6.5 

26.8 

29.4 

21,0 

25,2 



: Obtained from 
U.K„ Staffs 
(Student ratio 



7,9 

12,6 

12.5 

18.4 

5.4 

22.3 

24.3 

17.4 

20.8 



6.8 

10.9 

10.8 

15.9 
4.6 

19.9 

20.9 

15.0 

17.9 



5.4 

40.0 

8.3 

20.7 
3.8 

41.7 

13.4 

12.5 

13.1 



Table 7.6 



Academic Staff Cost of Course in Relation to Teaching 
Load with an Approximate Doubling of Rnmlrnprit. 



Teaching Load 



Course 



Current j 

Average 
for Board of; 
Studios- j 



increase 



50 % 

increase 



75 % 

increase 



Obtained from 
U.K. Staffs 
Student Katie 



Pharmac ology 



| Colour Chemistry 
! C j * r il Engine ori ng 
{ Computer Science 
| Social Sciences 
j Applied Physics 
j Applied Biology 
t Materials Science 
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£ 


> £ 1 


£ i 


£ <; 


40,900 


! 33,ooo ; 


27,200 i 


23,400 tj 


| 65,400 


j 52,600 ! . 


43 , 300 j 


37,500 i; 


! 64,700 


! 52,300 j 


43,000 ! 


37,200 ;; 


; 92,900 


76,700 ‘ 


63,300 ; 


54,700 i 


5 27,900 


. 22,400 ; 


18,600 


15,800 ;j 


{' 115,000 


1 92,200 i 


76,700 » 


68,500 :J 


; 125,000 


i 101,000 { 


83,600 


71,900 


i 89,800 


! 72,200 j 


' 59,900 ! 


51,600 ‘I 


s 107,000 


! 86,700 ’ 


71 , 500 


61 , 600 i* 



u E I. 



7,5 



£ 

18,600 

138,000 

28,600 

71,200 

12,700 

143,000 

46,100 

43,000 

45,100 






Table 7.7 shown the total annual savings from the nine courses 
together if, at the higher level of enrolment, teaching loads were increased, 
compared with the situation if teaching loads wore held constant as student 
numbers increased * # 



Table 7.7 t Total Savings on 9 C ourses in relation to Increased Teaching 

Load with an A^otoxL :ate Doubling of Enrolment 





Increase in Teaching Load 


t 


\ 


+25% +50% 


+'75% 


{ 


1 Number of Staff Saved ^ 


41-3 [ .71.1 


! 90.0 
1 


1 


! Total Annual Saving in Staff Cost (£} 1 

1 ■ i 


14 ? ? G 00 | 245,000 


! 310,000 


> 



Table 7.8 presents the academic staff e ost —per-student at different 
teaching loads, showing how the coat falls with increased enrolment and 
increased teaching loads* 



Table 7*8 1 Academic 


: Staff Cost-oer-Student in 


Relation to In 


creased 




Enrolment and Increased Teaching 


Load 






1 . •• i 


F’iLl Academic Staff- Cost 


per Student 




Course 1 


Enrolments Currant 


• Approximate Doubling 


A . f .1 


Teaching Load? Current f 


Current 


+25% \ 


+50% 


+75% 




■ £ 

j 


£ ' 


) £ j 


£ | 


£ 


Pharmacology 


! ■ • 3123 : 


1715 


; 1375; 


1133' 


975 1 


Chemical Engineering 


! 530 1 


328 * 


! 263 ! 


217; 


188 


Colour Chemistry 


2058 ! 


1060 


872 i 


717 | 


620 


Civil Engineering 


! 1085 j 


774 


: 639 1 


528 


456 


Computer, Science 


! 1850 ; 


1165 


! 932 1 


774 i 


609 


Social Sciences 


| . 615 ; 


480 


; 384 1 


320 j 


28' 5 


Applied .Physics 


! 3346 


2610 


s 2104 ’ 


1742 i 


1500 


Applied -Biology 


• • ■ ! 2455 i 


' 1447 


1203 i 


997 j 


717 


Materials Science 


i 3292 


2700 


2167 


1787 S 

j 


1540 | 



In summary, the c ombined effect of an increase in enrolment to oxi 
,, optimuin n point approximately double the present intake, together with a 
50$ a^crease in teaching load, whilst maintaining the existing course 
structure is to reduce the full academic staff cost per student by between 
46$ and 65$* . . .. ; 
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3) EFFECT OF TEACHING LOAD ON UNIT COSTS 

In this section wo study, with the aid of a hypothetical example, 
the effect of increasing teaching load on the economic cost-per-student 
defined in Fart 2. 

Let us suppose that expansion of a course from 120 students to 160 
causes the weekly number of teaching meetings to increase from 72 to 96* 

We further suppose that there are at present 12 staff teaching an average 
of 6 hours pei week, and that, overall, 50 % of their time is devoted to 
work connected with the course* Average cost of a member of staff is 
£3440 per year, thus the total staff cost of the course is £20,640 
(£3440 x 12 x 50%), and staff cost-per-student ic £172 (£20,640/120). 

Now if staff numbers are held at 12 as enrolment increases, the 
teaching requirement of each staff member rises from 6 to 8 hours per week* 
The staff s student ratio is worsened and staff ore required to teach 33% 
more hours per week* 

What effect docs this have on cost per student? Let us assume for 
the moment that in order to teach one— third mors., hours, each member of 
staff must increase the total time he devotes to the course by one-third, 
i*Q* that preparation and marking increase in direct proportion to the 
amount of actual teaching* 

Staff can bo compensated in either of two ways for the increased 
time devoted to the course; 

(a) by an increase in their remuneration commensurate with the 

increase in their workload* Since staff spend 50% of their 
time on work connected with the course, the increase of a 
third in their course work represents an increase of a sixth 
in their total workload* If salaries were increased by a 
sixth $573 per head) the total cost of the course would be 
£27,520 (i/6, £20,640 + (12 x £573)), and average cost per 
student remains at £l72. Thus there is no saving in average 
cost _if staff remuneration i increases in dire et proportion to 
workload * • j ; , . 

(b) by a commensurate reduction in their other duties, e.g* in thoir 
research activities* It might be thought that this would reduce 
average economic cost per student because no extra expenditure 
on staff is incurred in teaching the additional students* This, 
however. Is not so* By increasing the time devoted to the 
course by a third, staff now spend 66*6% of their time on the 
course and 33*3% on research and other dutiesj thus instead of 
allocating half their salary (£1720 per head) to the course, 
two-thirds (£2293 per head) must now be alioted. Total cost of 
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the course would be £27,520 and average cost per student £172, 
just as it was in (a) above when staff were actually paid for 
their increased teaching duties. What has happened in this ease 
is that staff have shifted part of their effort from other 
activities to the coursej consequently* the cost of that effort 
must be transferred to the course. The extra students are 
produced at the same cost per "Student as previously, using 
resources transferred - from other activities , The one-third 
increase in the number of students on the course is catered 
for fey a one- third reduction in research effort . There has 
been no increase in efficiency, no reduction in quality, but 
an alteration in the relative amounts of different outputs being 
produced. 

Now the assumption that the total time devoted to the course (includ- 
ing preparation, marking, etc,) is directly proportional to the number of 
hours of actual teaching, is not necessarily valid* Indeed in the ease we 
are considering, where the greater teaching load is due solely to the need 
to repeat existing teaching meetings, ahd "Where there i3 no change in the 
teaching content of the course, it is extremely unlikely that total time 
devoted to the course will increase by anything like Hie same proportion as 
the number of hours of teaching. There may be additional marking, but there 
will probably be little if any extra preparation. 

Let us reconsider the example, this time assuming that the additional 
load on staff is limited exclusively . to the .extra' two hours of teaching. 
Assuming (quite arbitrarily) that staff work an average of 40 hours per week, 
then additional remuneration - of 2/40 of existing salary might be ' paid to 
staff, i.c, £172 per head. This adds £2,064 (£172 x 12) to the cost of the 
course, making the total cost £22,704, or approximately £140 per student 
instead, of £172, Alternatively, if staff are compensated by a reduction in 
their other duties then the effect is to transfer 2/40 of total staff costs 
£ 2 , 064 ) from research, etc,, to the cost of the course, as above, the total 
cost of the course is £ 22,704 and average cost approximately £140 per student. 
In this last case the one-third increase in the number of students on the 
course is catered for by a reduction of only one-tenth i,e v from 20 to IS 
hours per week, in other activities. 

We can now draw two conclusions. Firstly* that if it is desired to 
maintain the quality of education, in terms of group size and teaching 
content of the course, savings in cost per student can be achieved only if 
staff increase, the' number of hours they teach in greater proportion than 
the time required for preparation, marking, etc , "... Insofar as the expansion 
of student numbers consists of taking more students on existing courses. 

It seems likely that this condition wiH hold. The. analysis in Chapter 5 
of the effects of increasing enrolment, showed that the extra. teaching 
meetings* generated were simply '’repeats’? of existing meetings j if these are 
taught, by the seme member of staff it is probable that no extra, preparation 
will be needed, .- .••• 
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This second conclusion is that whether ^ta-F-p *i,= j. 
te d for addi t ional co urs e work nr have ^ directly remun era- 



in cost -per ■'■ r j tud ant on tha^our!!? 3 1 ^ 0 ^°^ ° U i puts w i^out any fall 

loads, the or,,* of the additional students Ja me* not^S^ 8 f“ ch i ag 
resourens from outside the univer^+v w,,+ ^ “* . b ' 7 br3 - ft gmg in extra 

research side of u^versily^tlSS^ , ^ * reducing the of the 

abaolut/tfi^* ° f ° xpanGion of sfcudenfc numbers, this may not mean an 
rofSIf 1-J-l in research activity. As additional staff are employed it is 

staff e -i°tinf U | e d the of time (averaged over all members of 

Indeed tiiere is no t0 rese f rch without any absolute reduction, 

gradmte studeit^ lc P + J faC1Q r f aS :°? why * because the number of under- 
flso^o dn ti ? ^ V A t0 ® ay * doubled ^ that research activity should 
^ Iso bo doubled. And yet the maintenance of a constant teaching load 

f or °t hi s Parallel °f expansi ? n > iri fac t provides the resources necessary 
tor this parallel increase in research. Furthermore, as we saw in Chapter 

to fa^Su-VT i°f % constant staff : student ratio allows teaching load 

for reGearch° tually - increasin ^ the proportion of staff time available 



helnfoT JS +0® C ° r,C ^ pt ° f ec °nomic unit costs is not particularly 

it is^aluablJ J?f absolute savings due to increased teaching loads, 

everv £1 V Vltal question "Does the nation, for 

it wLt^ °f?^n P addlta ° na i acadei nic staff to teach the extra students 

it wanes, also want to spend a further £1,000 on research?" . 
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PART L 



UTILISATION OF BUILDINGS 



The f inan cin g of university buildings in the United Kingdom can conveniently 
be divided into twos the building* s capital cost, and the cost of maintaining and 
operating it. These together constitute between one-third and one-half of cost per 
student in different courses, so that any savings which might be made in them are 
worth investigating. 

The capital cost of an existing building is "sunk" in that none of it can 
be saved or retrieved unless the building is sold or rented out. However, the buil- 
ding can be utilised more fully, by teaching more students in a given period of time. 
This leads to savings because the additional students will not require new buildings, 
which would have had to be built if the level of utilisation of the existing buildings 
h a d not been improved. The additional capital cost of providing a new teaching place 
is estimated by the Department of .Education and Science at £3000 (or £300 annually 
at 10$ over 60 years) , although this figure includes recreational and catering facili- 
ties. 1 

At the same time the costs of maintaining and operating existing buildings 
may increase with their greater utilisation. However, the increase is not likely to 
be more than proportionate to student numbers, and will probably fall pro rata. 

There are two broad ways in which a building may be used more fully: 

(i) more intensively 

(a) by using more fully the available flow of room— hours 
prescribed by the length of the working day, week, 
and academic year 

(b) by using more of the seats in each room, by ensuring 
that each class meets in a room no bigger than is 
necessary to accommodate it. 

Chapter 9 considers the effects on costs of more intensive 
utilisation of teaching accommodation. 



1, U.K. Department of Education and Science: Education Planning Paper Wo. 2s “Stu- 

dents in Higher Education in England and Halos ”, HM30, 1970, Table 14, p* 28. A 
footnote is given to the figure of £3000 as follows! “Including acquisition of 
land, b uilding costs and professional fees and initial furnishings. An apportioned 
share of the cost of circulatory space and of those recreational and catering fac- 
ilities provided for all students, whether or not residential, is also included. 
Student residence is excluded. n 
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(ii) more extensively* by increasing the length of the working day 
and/or week and/or academic year. This win Increase the num- 
ber of room-hours available in a given year with a fixed stock 
of accommodation. Chapter 10 considers the cost implications 
of more extensive use. 

Both methods facilitate a fuller utilisation of existing university buil- 
dings* and thus avoid the coat of putting up new buildings. Eventually* however* 
existing buildings will reach full capacity and any further expansion of student 
numbers will require a new building. Possible economies here are considered in 
Chapter 11, 

The capital cost of a new building will constitute a high step in the finan-^ 
coat of the university* at least, in the short run when the building is being construc- 
ted* This raises the question of constructing new university buildings at a lower cost 
par square foot. Also* student numbers .will tend to Increase slowly so that the new 
building will not become reasonably utilised until after a few years of use. Economies 
might bo made if university building programmes could be more .closely related to the 
expansion of student numbers* so that small units of buildings* possibly pre-fabricated* 
are added as required instead of putting up one large building from the start. Alter- 
natively* pressure on accommodation might be allowed to become severe before new buil- 
dings are constructed* or enrolment policy may be so planned as to bring now buildings 
rapidly into full use. 

Firstly however we consider the existing level of utilisation of teaching 
accommodation in the University of Bradford* 
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CHAPTER 8 



THE EXISTING UTILISATION OF TEACHING ACCOMMODATION 



a) General Purpose Teaching Accommodation 

Table 8,1 shows the degree of utilisation of rooms by type and size In the 
university as a whole, 1 (Certain buildings reran to frou.thu pa d n campus or due for 
early demolition are excluded,) The number of hours actually timetabled for each 
room is found as a percentage of the current 31 hours per week maximum available , ^ 
The average utilisation rate for the whole university is 58.7%* Figures are aggre- 
gated for all r ooms of the same typo and size, and the result is shown in Column 7 
of the Table, Comparisons may be made between the utilisation of: 

(1) rooms of different types, and, 

(2) rooms of the same type, but of different sizes. 



(1) Rooms of different types 

The striking point here is that drawing offices are very much under-utilised 
compared with other room types. They average only 23.3% utilisation of room-hours 
por week compared with other room types which vary between 58.8% and 63.6% utilisation. 
All eight drawing offices are scheduled for only 58 hours per week in total. If these 
could be used at the current rate of utilisation of the other room typos (i.e* 58,7%), 
then three drawing offices only (providing about 100 hours per week) would be suffi- 
cient to meet present needs, instead of the eight at present available. It seems 
likely, therefore, that some of these spare drawing offices could bo converted to 
general teaching rooms, leaving enough excess capacity for any expansion of student 
numbers in the short-term. 



It may be thought that drawing offices are too specialised to be shared by 
different schools. However, according to a recent internal university report, this 
is not the ease in the engineering schools, which use six of the eight drawing offices 
concerned. There are plans to make the use of offices more flexible between the 
schools, although it is thought unlikely that more than one drawing office will be 
converted, • 

(2) Rooms of different sizes 

Comparing the utilisations of rooms of the same type but of different capa- 
cities is difficult because of lack of data concerning the group sizes involved in 



1. This includes the five major university buildings', viz. Main, Civil Engineering & 

Nuclear Science, Chemistry & Chemical Technology,: Chemical Engineering, and Wardley 
House, ‘ , 

2, This is the current basic teaching week at the University of Bradford (9t00 - 1:00 
and 2:00 - 5*00, Mondays to Fridays, excluding Wednesday afternoons). 
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Table 8.1 TE&CHIKG EOCM UTILISATION BY ROOM TYPE 
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Laboratories (other than Social Sciences) are excluded 

•i.e, Main , Wardley, Civil Engineering, Chemistry, and Chemical Engineering/luclear Science Buildings 
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Lab or at cries {other than Social Sciences) are excluded 



each class hour, Although the larger capacity rooms may be well utilised in terms 
of room-hours* they often house relatively small classes which it would be quite 
possible to hold in smaller rooms a The problems of timetabling* and the lack of a 
stock of rooms of the appropriate sisos within the university* may give rise to this 
placing of small groups in largo rooms. 

There is little variation in utilisation rates for rooms of different sizes- 
In the case of lecture theatres, the largest of them tend to be used less than the 
small * This situation may be reversed over the next five or ten years, however, for 
the expected expansion in student numbers, along with the growing use of the modular 
system of teaching* whereby students on several different courses attend the same 
lectures simultaneously, should lead to many very large lecture groups* 

In Table 8,2 the stock of rooms is broken down by buildingo The Table 
shows little variation between buildings in the average utilisation of rooms with 
the single exception of the new Civil Engineering building* Whereas the four other 
buildings vary between 61,3^ and 63.6% utilisation. Civil Engineering has a utilisa- 
tion rate of only 31 «3%* This low figure arises from the fact that it is the newest 
of the teaching buildings at Bradford *3 The School of Civil Engineering is stationed 
in the building and is responsible for virtually the whole of the 31*3% usage. The 
building *s under-utilisation is thus aggravated by its lack of use by other schools, 
and this is probably because of the difficulties of changing the central timetables, 

As a result, only additional class-hours are likely to be scheduled in the now buil- 
ding, and then only whan space is not available in the area at present used by the 
school concerned* It would be pointless to move existing meetings into the Civil 
Engineering building just for the sake of improving its utilisation* However, it is 
clear that there is considerable surplus space in this building, and the present 
central control of room allocation should ensure that this space is brought into use 
as the demands of other schools increase with the growth of their student numbers. 

Apart from the Civil Engineering building, the utilisation slightly exceeds 
the rate of eighteen hours a week (or 56 % utilisation assuming the Bradford 32 hour 
week) suggested in a report of the Committee of Vice-Chancellors and Principals s 4 as 
a minimum at which a university should be considered for a new building. 

Probably the most under-utilis ed of all rooms in Bradford University are 
the Great and Small Halls and the Main Lecture Theatre* Together they cover a con- 
siderable floor area and encompass an even larger volume of air. They are not time- 
tabled for any regular teaching periods, but at least one of them could be in use at 
any time without seriously restricting their availability for public and social occa- 



3* The cost figures quoted in Chapter 3 relate to the year during which Civil Engi- 
neering moved from the Main Building into its own premises. The figures conse- 
quently include part of the costs of both these buildings® 

4* The Committee of Vic o-Chanc ell or s and Principals of the Universities of the 

United Kingdomi ,f The Utilisation of ITon-Specialised Teaching Rooms, K e M* Davies, 
1968 'i ' 
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Table. 8.2 (continued) TEACHING ROOM UTILISATION BY BUILDING 
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s ions j, and their large capacity would be especially valuable for largo lectures g^ven 
Xii common to students on several courses, ® g-^cn 

, , • W I' - s ^ own 'ti 10 utilisation of general teaching rooms and drawing offices 

fJL f?® institution, namely Bradford University, It would be useful to know how far 
the Situation her© is typical of other universities* 

+ . The report of the Committee of Vice-Chancellors referred to above contained 

the results of - a survey covering the utilisation of lecture, seminar, and tutorial 
rooms at 47 universities in the United Kingdom. The results of the survey were bro- 
ken down into five different classes of university. Regarding the three classes which 
together constituted the bulk of the universities — the "larger”, "smaller", and 
science and technology" classes — it was found that each of these classes averaged 
1,6 seats per student, which showed that the U.G.C, norms in terms of areas (or 
roughly, seats) per student seemed to be applied (the other classes of university 
to T* a f> e +i,^Ii-i ^ less). On the other hand, the weekly class— hours per room averaged 
l 2 ;- f ° r t i 1J iarger* and "smaUei" universities, but 18.1 for the "science and tech- 
nology universities. The. general teaching area in the last class of universities 
was thus used more intensively, probably reflecting a greater number of class-hours 
1 *, , ® significant point is that the U » G » C . norms, on space -per— student do 

not distinguien between differences; in average, teaching hours per colors© between 
universities, so that the "larger" and "smaUor" universities with their apparently 
lighter average teaching loads have excess space* 



b) Teaching Laboratories 

Laboratories are normally used either for' teaching or for research, although 
researchers may use a teaching laboratory in a. spare .'period for research work of 
a simple or small-scale nature. Because laboratories are highly specialised, they 
are allocated to the school for whose use they were designed. The school itself then 
tune-cables its teaching laboratories. Data on the utilisation of teaching laboratories 
has proved difficult to obtain, but has been gathered from five schools of study, and 
this is shown in Table 8,3. . ** 



Table 3,3 Utilisation of Teaching Laboratories 



Discipline 

: a) ■ 1 . 


r 

No., 

of 

Labs 

( 2 ) 


Max. no. of 
room hours 
available / 
. week 
( 2 )x 32 hrs 
(3) , 


- 

Hours/week 
scheduled 
for use 

(4) 


I "Surplus" 
: hr s/week 

(3}-(4) 

(5) 


Percentage 

Utilisation 

x 100 
( 6 ) 


Applied Physics 
Electrical Enginsering. 
Colour Chemistry 
Pharmacy ;• • . , 

Applied Biology - 


4 

11 ’ 

5 

13 ! 
4 ’ 


123 

352 ! 

160 | 

V 416 : ; 

, 123 — 


"45 

148 

27 

2C9 

6 l - 


S3 

204 

133 v 
207 
67 


• 35 %- : 

42% , 
- 17% 

50% 

48% • ■ 


AVERAGE 


-M. -. 


118A 


.490 


-694 . . 


- 41% 



S.3 




vhi 

148 



Laboratories are highly expensive to construct, service, and maintain com- 
pared with general teaching areas . Hence if laboratories are essential for a course, 
it is desirable that they should be used as intensively as possible in order to spread 
the cost as widely as possible. However, the limited evidence in Table 8.3 shows^ 
that laboratories tend to be considerably under-utilised in terms of hours actually 
scheduled for use. At the same, time the complaint is sometimes heard, "or example 
In Biology, that laboratory accommodation is tight. This paradox may be related to 
the. fact that laboratory classes, often require considerable preparation, particularly 
in the biological sciences; hence many, laboratory classes are held in the afternoons, 
leaving the mornings free for preparation, and thus causing a lower ieve.i_ of utilisa- 
tion, Because of this, 100% utilisation is likely to be impossible to achieve, and 
the "surplus.- hours 11 .figures in Table 8.3 should therefore be viewed vdth caution. 

Probably the best long-run answer from the point of view of economy would 
be to abandon laboratory work for teaching purposes. At Bradford, Chemical Engineering 
have gone a long way towards doing this, arguing that their students^ gain laboratory 
experience during their industrial periods. However, in other schools, there is con- 
siderable resistance . to even reducing laboratory practicals. In the case of the Life 
Sciences, it is argued that many firms would refuse to take students without laboratory 
experience, for their industrial periods. The alternative is to lengthen the working 
day to provide sufficient time both for the preparation and for actual teaching 

It has so far proved impossible to devise a measure of the capacity of 
laboratories, because on different years of different courses students may work alone, 
in pairs, or in small groups. The number of laboratory "stations* 1 is not therefore 
directly related to the number of students that can be accommodated, nor in the case_ 
of some subjects is the number of "stations" constant* This makes it extremely diffi— 
cvAt at present to judge whether or not laboraoties are being used efficiently. 

Further research into the factors affecting the area of labor at cries required in 
different subjects would be invaluable, as the cost of laboratory space is a major 
element of cost per student. 



c) Surnlus Area Based on TJ.G.C. Norms 

The university has made its own comparison'* of. the accommodation actually in 
use in 1969-70 and its theoreticai entitl^ient under U.G.C, planning norms, based on 
the number of students enrolled in 1969-70 • Table 8.4 summarises the findings, 

. Table 8.4 Actual Accommodation. and Theoretical Entitlement 

Based on U.G.C, Morins . 1969-70 



. ! ‘i 

Type of Accommodation . 


Actual Area 
(sq.ft.) 


, Theoretical 
Entitlement 
(sq.ft*) 


Excess over 
Entitlement 


Staff Offices ■, 1 '• ; 


77,416 , 


' 71,750 


- • 8% 


General purpose teaching rooms. 


75,271 


36,282 


108% 


Laboratories v> j f- 


272*507 I 


174,947 


; 56% 



5. University of Bradford, Document SC3/70-71, Appendix 2, October 1970 
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The entitlement for staff offices relates only; to staff financed by U*G,G, funds f 
the 8 % surplus is available for use by .separately financed research staff. The excess 
of general purpose teaching rooms bears out the findings on utilisation presented 
earlier in this chapter. The U*G,G, would itself treat the laboratory norms with 
cautionj nevertheless they confirm the low levels of laboratory utilisation in the 
sample of schools of study investigated in this report. 

It is worth noting that although the percentage utilisation of laboratories 
(41% in the departments studied) is lower than that of general purpose teaching rooms 
( 61 , 3 % over the whole university) , the excess of actual area -over the entitlement 
according to- norms is less in the case of laboratories than for general purpose 

teaching rooms. This throws some doubt on the validity of the U,G*G, norms, particu- 
larly those relating to laboratory areas# 

Indeed one might go further and question whether it is useful to define any 
norm relating space to student numbers. Space requirements (in terms of square foot- 
hours) can be calculated fairly accurately from the structure of the course. It 
would , consequently, be more realistic to require universities to justify their teaoh^ 
ing accommodation requirements in terms of the teaching that will be provided for 
different courses, rather than on the number of students likely to be registered# 
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CHAPTER 9 



ECONOMIES ARISING FROM MORE INTENSIVE UTILISATION 
OF TEACHING ACCOMMODATION 

Economies from the more intensive tise of teaching accommodation can be 
realised in either of two ways i either through selling or renting out some of the 
existing stock of buildings, or by increasing the throughput of students. The first 
alternative is rarely practicable, whereas the second is highly relevant at a time 
when a major expansion of student numbers is under consideration. 

The economies occur because capital and maintenance costs are spread over 
a greater number of students. The ratio of capital cost to maintenance cost over 
the whole university is approximately 2*1, so that two-thirds of the saving is in the 
already sunk capital cost of the building, and is not therefore reflected by a reduct- 
ion in current expenditure. However the more intensive utilisation does preclude 
of delay the investment of further capital in new buildings, and thus affords saving 
in future capital exp enditur e . 

The analysis presented here follows logically from Part 3 in using the 
structure of a course to determine the number of teaching meetings at different levels 
of enrolment. Prom this the accommodation implications can be deduced since each 
teaching meeting requires the use of one room— hour, and the size and type of the 
student group taught determines the size (i.e, number of seats, laboratory benches, 
etc.) and type (i.e, lecture, seminar, laboratory, etc.) of the room required for 
that hour. 



Hence, given a particular course structure and a certain level of student 
numbers on the course, it is possible to calculate the number of room-hours in rooms 
of various sizes and types required each week. Such an analysis may have two possible 
uses* 

(i) to examine the present capacity of existing buildings, and 

(ii) to plan the composition of now buildings. 

In either case, two major constraints apply. The first -is that for any 
building, the number of room-hours available is determined by the number of teaching 
rooms in the building and the length of the working day, week, and academic year. 

The second constraint is the problem of timetabling , of fitting a particular, group 
with the appropriate lecturer in a room of the right size and type at the right time. 
For this reason it is unlikely that a 100% utilisation of room-hours can ever be 
achieved, and some lesser rate must be taken as the practical maximum . 

The better the match between the accommodation required and the accommodation 
available, the greater will be the utilisation of individual rooms. However, the 
accommodation requirements of a course will tend to change as student numbers on the 
course increase, and more and larger teaching meetings occur. For this reason, acco- 
modation which once matched the requirements of the course might become increasingly 
unsuitable . This emphasises the importance of proper planning of future accommodation 
r equir ement s • 
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Table 9*1 Teaching Meet lags Required \ Civil Engineering 

with 6Q student ^ per year 



Type of 


Maximum 


Number of 


Actual 


Number of 


No. of meetings (M) 


Meeting 


Siae of 


meetings 


Meeting 


meetings 


(in hours) 




Meeting 


required 


size 


per each 










_ » 




(g) 


with 60 


with 60 


student c 


Per Year 


Per Week 






students 


S tudents 


per year 










(G) 








YEAR 1 
Lectures 


No max. 


1 


60 


300 


300 


10 


Ex. Classes 


40 


2 


30 


'30 


60 


2 


Drawing Prac. 


40 


2 


30 


135 


270 


9 


Laboratory 
Class Es^/Diss 


40 


2 


30 


60 


120 


4 


30 


2 


30 


60 


120 


4 


Clas^ ExyDiss 


20 


3 


20 


75 


225 


7.5 












SUB-TOTAL 


36.5 


YEAR 2 
Lectures 


No max. 


1 


60 


270 


— * — ‘ TT "- 1 ■" — =1 

270 


9 


Ex. Classes , 


40 


2 


30 


60 


120 


4 


Laboratory 


' 40 


2 


30 


120 


240 


8 


Classes 


30 


2 


30 


60 


120 


4 


Classes 


20 


3 


20 


60 


180 


6 


Drawing PraC. 


40 


2 


30 


90 


180 


6 


8 .options 


30 


8 


7.5 


25 x 8 


200 


6.6 




• 

(••• 








SUB-TOTAL 


43,6 . 


YEAR 3 




Industrial Training 




YEAR 4 ' "1 














Lectures 


No; max. 


1 


60 


120 


120 


4 


Lectures ■ . : 


No ; max, -J 


8 


7.5 


30 x 8 


240 


8 


(8 options) 












Classes 


4o 


2 


30. 


60 


120 


4 


Classes ' 


40 


8 


7.5 


25 x 8 


200 


6.6 


(8 options) 
Design 
Office 


4° 


2 


3° 


270 


540 


18 


Laboratory P -- 


20 o-;.‘ 


3 


20 


75 


225 


7.5 


*• ‘ % i 


■ "* i ■■ 




j 




SUB-TOTAL 


. 48,1 






* • 




' 


TOTAL 


128.2 
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Table 9.2 Teaching Meetings Required by Civil Engineering 

with -180 students per year 



Type of 
Meeting 


Maximum 
size of 
meeting 

(2) 


Number of 
meetings 
required 
with 180 
students 
180 
(2) 

rounded 

up 

(3) 


Actual 

meeting 

si^e 

with ISO 
students 
ISO 

(3) 

(4) 


Wumber of 
meetings 
per each 
student 
per year 

(5) 


Wo. of meetings 

(in hours) 


CD 


Per Year 
(3)x( 5) 

1 

(6) 


Per Week 
(6)/30 

(7) 


YEAR 1 
Lectures 


Wo max. 


1 


180 


300 


i 

j 

300 


10 


Ex* Glasses 


40 


5 


36 


30 


150 


5 


Drawing Prao, 


40 


5 


,36 


135 


675 


22.5 


Laboratory 

Glass Ek/d±b3 


40 


5 


36 


60 


300 


10 


30 


6 


30 


60 


360 


12 


Class ExyDiss 


20 


9 


20 


75 


675 


22,5 












SUB-TOTAL 


82 


YEAR 2 














Lectures 


No max# 


1 


180 


270 


270 


9 


Ex, Classes 


40 


5 


36 


60 


300 


10 


Laboratory 


40 


5 


36 


120 


600 


20 


Classes 


30 


6 


30 


60 


360 


12 


Classes 


20 


9 


20 


60 


540 


13 


Drawing Prac . 


40 


5 


36 


90 


450 


15 


8 options 


30 


8 


22.5 


25 x 8 


200 


6.6 








1 : _J 


i 


SUB-TOTAL 


90,6 


YEAR 3 




Industrial Trainin 


■S 






YEAR 4 
Lectures 


Wo max. 


i ■ 


180 


120 


120 


4 


Lectures 


Wo max. 


i 


ISO 


30 x 8 


240 


8 


(8 options) '■ 

Glasses 


40 


5 


36 


60 


300 


10 


Glasses 


40 


8 


22.5 


25 x 8 


200 


6.6 


(8 options) 
Design 
Office 


,40 


;• . 5 : 


36 


270 


1350 


45 


Laboratory 

f •’ .■ 


20 


9 


20 


75 


675 


22.5 


- — - ' — - - - 








- -* - - 


SUB-TOTAL 


101.5 


- *>• ' 










TOTAL 


274.1 




&G 



a) Civil Engineering 



A detailed analysis is presented in the following series of tables of the 
undergraduate course in Civil Engineering, which is housed exclusively in its own 
building. The mmibers of meetings for groups of different sizes and types are cal- 
culated with a student population firstly of 60 in each year (Table 9.1) and then 
180 in each year (Table 9.2) The figure of 60 is approodjnately the present enrolment 

These meetings are then fitted into the available accommodation in the 
building. Two major constraints sire used. Firstly, each group must be fitted into 
the smallest room of the right type which will take it. Secondly, because of the 
problem of timetabling, we assume that each room cannot be used for more than 70^ of 
the working week of 32 hours (i.e. 22.4 hours). This is an arbitrary figure which 
can be varied if necessary. The results with both 60 and 180 students are shown in 
Figure 9.1. 
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In Figure 9*1* each s x f represents a single room when enrolment is 60, and 
each ? * f a room when enrolment is ISO* The horizontal axis measures the average 
number of seats in use when the room is occupied as a percentage of those available 
in the room* Here, it is theoretically possible to achieve a 100$ utilisation of 
seats* The vertical axis measv S s the utilisation of hours for each room as a per- 
centage of the weekly maximum of 32 hours. Because we have assumed a maximum of 70% 
utilisation of room-hours, a "ceiling 11 has been drawn on the graph at the 70% level. 

Consequently, it is possible to plot the position of each room first with 
60 and then with 180 students on each year of tn 3 course. Figure 9*1 shows a pro- 
nounced shift towards the top right when student numbers are increased,, indicating 
on increase in the utilisation of rooms • At the same time, more rooms are being used 
with the 180 intake (only one spare , compared with foui* originally). 

The analysis shows that the building is at present heavily under-utilised 
and that, even without exceeding 70% utilisation of room-hours, enrolment could be 
trebled. 

There will be a considerable saving in c ost-per-student • The trebling of 
student nianbers is achieved in the same teaching aecormodat xon as at present. Teach- 
ing space eost-per-student consequently falls to one-third. If we assume that all 
other items of cost increase pro-rata with student numbers then the saving in total 
cost-per-student is 16% as illustrated in Table 9.3* 

Table 9*3 Savinr? in Cost-per-Student through 
the More Intensive Utilisation o f 
Teaching Ac c oinrno da t i on s Civil Engineer in R 



: ' 


Present Cost pex* Stu- 
dent with intake of 
60 each year of course 
(£) 


Cost per Student 
with intake of 
ISO in each year 
of course (£) 


: % 

Saving 


' Classroom cost 


151 


50 




67% 


Laboratory cost 


462 


154 




67% 


Other space costs 


417 


417 




____ 


Total Capital & Maintenance Costs 
Teaching Costs 

Administrative, Library,. Student ) 


1030 

956 


621 

.956 




40% 


Facility, General and Miscellan- ) 
eous Thcpenditures ) 


523 


523 




— 


TOTAL COST PER STUDENT 

■ — — — , , ■ . 


k 2509 

r - ^ j 


2100 


1 


t 16 % 
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b ) Other Schools of Study 

Civil Engine er ing may present a special case because it has the exclusive 
use of its own building , and the accommodation available to it if clearly defined* 
Other departments tend to share general— purpose teaching accommodation • accordingly , 
cl more generalised study has been made of five other schools of study using a simpli^ 
fiod approach but still based on the structure of the coil so in question arid the 
number and size of teaching meetings required at different levels of enrolments 

The method adopted is to postulate increased rates of utilisation of teach- 
ing laboratories within the existing 32— hour week, and then to calculate the number 
of students that could be enrolled » Neirb the demand, made by this increased enr element 
for classroom space is calculated, and checked against the available classroom hours* 
Finally cost per student is re— calculated for the enlarged enro lm ent using the same 
teaching accommodation* We have sought to improve laboratory utilisation, rather 
than classroom aceommcMiatlon, because of the substantially greater contribution it 
makes to cost per student* 

Table 9 * 4 Additional Labor at or v H ours Available , F er W a ok 

at Different Levels, of Utilisation 



School of Study 


Laboratory 


% 


Additional hours available per week at 




—Hours 


Utilisation 


different levels of 


utilisation of labs 




User per 


(assuming a 










— — — p— — 




Week 


32-hr week) 


60% 


70% 


75% 


80S? 


100% 




U) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


Pharmacy 


209 


50 


41 


82 


i < 

103 


124 


207 


Colour Chemistry 


27 


17 


69 


85 


93 


101 


133 


Electrical Eng* 


148 


42 


63 


98 


116 


134 


204 


Applied Biology 


61 


48,. 


16 


28 


35 


41 


67 


Applied Physics 


45 ‘ 


35 


: 32 


.45 


- 51 


• 57 


83 



Column 1 of Table 9*4 shows the number of hours per week that the teaching 
laboratories of the five schools are in use* Column 2. shows the percentage utilisa— 
bion assuming a 32— hour week* Columns 3 to 7 show the additional laboratory hours 
that would be used if utilisation were raised to' various levels between 60 % and 100^* 
In order to allow time for Reparation and clearing up of laboratories, &Q% utilisa- 
tion is assumed to be the effective maximum. 

We may use the type of analysis developed in Part 3 of this report to cal- 
culate the additional number of students that could be taught using the extra labo- 
ratory hours made available as utilisation rises. 

Using the notation of Part 3 and representing by Lu the additional labora- 
tory hours available at ti/l utilisation, we may say that the number of extra students 
(S) las 
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where c — number of hours of laboratory teaching that each student must receive per 
weekj and g is the number of students in the teaching group,. 

Table 9.5 shows the number of extra students that could be taught in each, 
course at each improved level of laboratory utilisation. 

Table 9*5 Increase in Student Numbers in Relation 
to Increased Laboratory Utilisation. 



% Lab- 
oratory 


Pha] 


:\maey 


Colour Chem, 


Elect* Eng* 

r_ — — 


App, Biology 


App, Physics 


DW1X- 

sation 


Extra 

Lab- 

Hours 


Extra 

Students 


Extra 

Lab- 

Hours 


Extra 

Students 


Extra 

Lab- 

Hours 


Extra 

Students 


Extra 

Lab- 

Hours 


Extra 

Students 


Extra 

Lab- 

Hours 


Extra 

Students 


60 % 

70% 

75% 

80% 


42 

83 

103 

124 


120 

240 

300 

360 


69 

85 

93 

101 


210 
270 
300 
. 330 

_ — 1 


63 

98 

116 

134 


270 
420 . 
480 
570 


16 

28 

35 

41 


30 

90 

90 

120 


32 

45 

51 

51 


90 

120 

150 

150 



, expansions postulated are of a very large order indeed, Ne- 

in terms of the actual additional laboratory teaching required and the exist 
levels of utilasawion, they appear possible. The effect on laboratory cost 
student would be correspondingly substantial, and this is shown in Table 9.C 

Table 9,6 Laboratory Cost -per Student in Relation to 



-’theless, 
<ing low 

per— 



' Increased Laboratory Utll-i anti nn 



% Laboratory 
Utilisation 


Phanr 


iaoy 


Colour 

Chemistry 


Electrical 
Eng, : 


Appld ed 
Biology 


.. — 

Applied 

Physics 


Lap-Cost 
per Stu- 
dent 
(£) 


% of 

Existing 

Lab-Cost 


£ 


% 


£ 


% 


£ 


% 


£ 


% 


Existing 

60% 

70% 

75% 

80% 


945 

616 

471 

420 

372 


100 

67 

50 

.44 

39 


1338 
i 321 
261 
243 
222 


100 
■ 24 
20 
. IS 
17 


756 

376 

292 

268 

240 


100 

50 

39 

35 

31 


•335 

246 

183 

183 

156 


100 

73 

54- 

54 j 
46 


604 

332 

280 

240 

240 


100 

64 

46 

40 

40 
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If we disregard Colour Chemistry, with its abnormally low level of utilisa- 
tion * the saving in laboratory cost per student of expanding numbers so that labora- 
tories are used for 30% of a 32-hour week, varies between 54% and 69% • 

The increased number of students will place additional demands on general 
purpose teaching accommodation, and Table 9*7 shows the additional classroom-hours 
per week required for the various expansions* The calc illations are based on the 
number of contact hours and the teaching group siaes operated at the present time, 
using the type of analysis described in Part 3* 

Table 9*7 A dditional Lecture and Classroom Hours Required 

per Week in Relation to Increased 
Laboratory Utilisation 



% Laboratory 
Utilisation 


Pharmacy 


Colour 

Chemistry 


' Electrical 
Eng, 


Applied 

Biology 


Applied 

Physics 


Extra 

Students 


Extra 

Classroom 

Hours 


- , 

Ex, 

St. 


Ex, 

Hrs 


Ex* 
S t * 


Ex. 

Hrs 


Etc. 

St. 


Ex, 

Hrp 


Ex. 

St* 


Ex, 

Hrs 


60% 


120 


36 


210 


44 


270 


r~ — ” — 

69 


30 


10 


90 


21 


10% 


240 


58 


270 


48 


360 


88 


.90 


10 


120 


36 


15% 


300 


76 


300 


60 


480 


130 


90 


10 


150 


39 


80% 


360 


80 


330 


62 


570 


153 


120 


20 


150 


39 



The next step is to check whether there is sufficient general purpose teach— 
ing accommodation (lecture theatres, classrooms, seminar rooms, etc) available to meet 
this demand • Not only must there be sufficient room-hours, but those rooms must be 
sufficiently large to hold the lectures or classes* In Table 9*3 the combined demand 
of the five courses for additional room— hours is arranged by size of room required. 

Table 9*8 Additional Lecture and Classroom— hours 

Required by Room— Size 



Classroom 
Size (in 
seats) 


Laboratory Utilisation 


60% 


■: 70% 


75% 


80% 


20 - 30 


65 


94 


119 


137 


31 - 60 


2 


38 


22 


40 


61 - 80 


58 


— 


24 


24 


81+ . 


55 


108 


150 

. 


153 

: _ _ 


TOTAL 


180 


240 


315 


354 
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In measuring the classroom-hours available to meet this demand, one has to 
remember that lecture rooms and classrooms are interchangeable between departments, 
so that any expanding course may make use of any classroom in the university* On the 
other hand, courses other than the five under consideration may also be expanding and 
require additional classroom-hours themselves* In order to simplify the analysis it 
is assumed that, since the five courses in question currently enroll approximately 
one— third of the university 1 s students, one- third of the currently surplus room-hours 
may b© made available to them, whilst the other two-thirds is retained to enable ex- 
pansion of other courses. 

In Table 9*9 the additional room— hours that would be available to the five 
courses in question at different levels of classroom utilisation are shown. 

Table 9*9 Additional Classroom-hours .Made Available by Room-size 



Classroom 
Siae (in 
seats) 


Additional Room- 


■hours Available at each level of Classroom Utilisation 


65 % 


70% 


75% 


80% 


85 % 


90% 


95 % 


100% 


up to 20 


35 ' 


51 


66 


82 


97 


113 


128 


144 


21 to 30 . 


3 


18 


32 


47 


61 


75 


90 


104 


31 to 60 


13 


29 


45 


61 


77 


93 


109 


125 


61 to 80 


8 


11 


14 


17 


19 


22 


25 


27 


81+ 


8 


14 


20 

: 


25 


31 


37 


43 


49 



By comparing the demands for classroom-hours expressed in Table 9*3 with the 
additional supply presented in Table 9.9, it is possible to see the implication s of 
improved laboratory utilisation. 

If laboratory utilisation were raised to SQ% the additional classroom-hours 
required by the extra students would, in the case of rooms of below 80 seats, push 
classroom utilisation to between 90$ and 95%, and would require many classes of 20 
to 30 students to be held in rooms in the 30 and 60 seat bracket. Such high levels 
of classroom utilisation might .present timetabling difficulties, although these could 
be alleviated by scheduling some lectures and classes outside the normal bounds of 
the 32— hour week. There would however be a serious shortage of room-hours in rooms 
exceeding 80 seats (153 extra hours required, only 40 available at 100% utilisation) . 
Clearly in this range additional rooms would need to be built* At the other end of 
the scale there would still be a surplus of room hours in the small rooms of under 
20 seats, and it would be possible to convert some of these to staff offices for the 
additional academic staff that would be required to teach the increased intakes. 

In Table 9*10 revised figures are shown for the total cost— per-student in 
each of the five courses, due to improved utilisation of both laboratories and class- 
rooms. The figures make allowance for the need to provide additional rooms of over- 
80 seats, and assume that these can be provided at the existing average cost per square 
foot* It is assumed that cost-per-student of all other items remains constant, although 
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aa we shall see in Part 5 there are likely also to be substantial economies In tech- 
nical staff c os t -per- student . 



Table 9*10 Reduction in Total Cost^ner^Student 

in Relation to Incr eased 
Laboratory 8 Utilisation 



% Laboratory 
Utilisation 


Pharmacy 


1 Colour 
Chemistry 


Electrical 

Eng* 


• Applied 
Biology 


Applied 

Physics 


* 

■ Total Cost 
per 

Student 


% of 
Existing 
Cost 


£ 


% 


£ 


r % 


£ 


of 

/G 


£ 

~ 


% 


EXISTING 


£3294 




3918 




3603 




3110 




3682 




■ 60 % 


.2957 


90 


2802 


71 


3151 


67 


2999 


96 


3275 


89 


70% 


2777 


64 


2737 


70 


3054 


65 


2917 


94 


3215 


87 


75% 


2712 


02 


2717 


69' 


3026 


64 


2917 


94 


3131 


85 


80% 


2671 


61 


2694 


69 


2994 


83 


2085 


93 


3131 


85 



It is apparent that there is considerable scope for improving the utilisa- 
tion of laboratories* very often trebling the number of students without exceeding 
80% utilisation* The effect on total cost per ' student is a reduction of between 
7% and. 19% in four of the courses* and 21 in Colour Chemistry with its current very 
low level of utilisation. 

The University Grants Committee has already informed the University of 
Bradford that it is unlikely to be allowed any additional science buildings during 
the next quinquennium y and the levels of utilisation described in this chapter would 
clearly support their attitude. It would be useful to know at what level laboratories 
in other universities are used* In view of the high capital cost of providing labo- 
ratory space* there would appear to be a good, case for insisting on much higher 
levels of utilisation before further accommodation is considered* 
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C HAPTER 10 



ECONOMIE S ARISING FROM THE MORE IXTiMSIVE UTILISATION 
CF TEACHING JJ .GCOM-iODii.xION 



In this chapter we- remove • -th© - limitations applied in Chapter 9 that teaching 
must take place within a 32-hour week and- within the existing framework of academic 
terms. 

Ih© chapter consists of two sections* In the first, w© relax the 32— hour 
week assumption* and assume that buildings will ba in use for teaching for more 
hours per week, and that more students will be enrolled to ta.ke^ advantage of this 
extra availability of laboratories and classrooms* This part of the analysis is 
essentially an extension of that carried out in Chapter 9 where the level of intensive 
utilisation was gradually increased* The method ndop ad is to gradually increase 
the number of hours available and to see how many more students could be accommodated, 
and consequently how economic c ostler-student might bo expected to fall * 



^ the second section we alter the whole pattern of the academic year so 
are two separate stiHent‘ populations being taught in parallel* The effect 
of this is to use teaching accommodation 48 weeks of the year, and by also extending 
the length of the working week to enable student numbers to be doubled within the 
existing stock of buildings* 

In each case, substantial .potential economies in capital and maintenance 
cost per student are identified* ; i , 



1) Use of Teaching Accommodation for More Hours -per Weak * 

- In this section we continue the analysis applied to five- courses in Chap- 
ter 9, by alternatively postulating teaching weeks of 40 , 50 and 60 hours instead 
the present 32 hours* This moans that teaching meetings may be held at any time 
within a total period of 40, 50 or 60 hours per week, instead of only 32, thus enabling 
more meetings to ba held each weok, and easing the problem of timetabling* - 

This extension of the working week does not mean that staff are required to 
work longer hours* In calculating c ost— per— student it is assumed that staff costs 
per student are ;imeHsug£d, : the humber of studonts increases, addi- 

tional staff are rocridLted t o maintain ;Ahe same -Staff i student- ratio * ^ ^It does, how- 
ever, mean that staff will be required to do some of their teaching outside what is 
at present regarded as their normal working-week*. 

iit each postulated length, of week, vre calculate the number of additional 
laboratory— hours .that.. would, be, available to each of the five- -courses under considera- 
tion* We then calculate the number of additional students that could. be enrolled to 
the course in order fully to utiiise these extra laboratory-houi*s, assuming that the 
course structure, in terms of contact hburs and group sizes . is unchanged* .Next the 
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demand for classroom space generated by this- increased enrolment is worked out and 
checked against the available classroom-hours. Finally the economic cost per student 
(as defined in Part 2), is recalculated with the same total teaching accommodation 
cost being spread over the greater number of students* 

Increasing the utilisation of teac hing accommodation either by more inten- 
sive use or by more extensive use are each viable policies on their own, but they are 
not mutually exclusive. Indeed they are closely complementary, and it is unlikely 
that any university would attempt substantially to extend the length of its teaching 
week without first seeking to ensure that classrooms and laboratories achieved a high 
rate of utilisation during the existing period of teaching. Accordingly, in the 
analysis tiat follows, we assume that the 80$ intensive utilisation, which in Chapter 
9 was taken as the maximum practicable, is also achieved over the longer working weeks 
now under examination. ... . • \ •• . ■ : 

Table 10.1 shows the number of extra laboratory-hours that become available 
for use as the length of the teaching week is extended, and 80$ intensive utilisation 
allowed* .. : .. , • , 



Table 10.1 Additional Laboratory-Hours Available per Week with Different 
Lengths of Teaching-Week at 80% Intensive Utilisation 



School of Study 


Additional Laboratory-Hours Available Per Week 




32 hr, week 


40 hr* week 


. 50 hr. week 


60 hr. week 


Pharmacy 


- -- - - - ■ ■ ■ ■ - 

124 


207 


311 


415 


Colour Chemistry 


101 


133 


173 


213 


Electrical Engineering 


134 


1 204 


292 


380 


Applied Biology 


41 - 


67 ! 


-■■■99 


131 


Applied Physics 


57 


83 


115 


147 



.u Using the type of analysis developed in Part 3 of this report, we can cal- 
culato the additional number of students that could be taught using the extra labora- 
tory hours that become available as the teaching week is lengthened, Tho number of 
extra students is shown in Table 10.2, ,.••• ..... , . 

Table 10,2 Additional Humber of Students Possible Using Existing Laboratories 



Fox* Longer Toa nhl ng- Weeks -at 80i£ Intensive Utilisation 



School of Study 


Number of Additional Students 


' " r - • • ; 1 


40 hr . week 


50 hr. week 

^ ' ■ * ' > 


.60 hr * week 


Pharmacy 


,;i - - 5Q0 


, - n - ,J J ' ' — ' 1 

1- •; 6 9 0 h , ■' 


1 r 1—1 , ~ ji - 

! - 870 


Colbur Ghend.St2*y ! ' ^ r ;: ' 


• 430 


;; ‘550 - 


■ ** 670 


■ Eleotr ic'al^ '-Enjgirioeriiig 1 


' ‘770 — v 


i •V-1Q30 


1280 


Applied Biology 


160 


220 


290 


Applied Physics 


200 


280 


350 



?£? 111 th ? , number of students using the existing teaching-laboratories 

mean that laboratory cost jper student will fall substantially. Revised figures of 
laboratory cost-por-student are shown in Table 10,3 ' ° 

Table 10,3 Laboratory Cost pe r Student in Relation to Longer Tee, chin.- Weeks 



Laboratory 

Utilisation 


Pharm 


aoy 


Colour 

Chemistry 


Electrical 

Eng, 


Applied 
■ Biology 


Applied 

Physics 


j 


Lab-Cost 
per Stu- 
dent 
(£) 


% of 1 

Easting 

Lab-Cost 


£ 


% 


£ 


% 


£ 


% 


£ 


% 


Easting 


945 


100 


1338 


100 


756 


100 


339 


100 


604 


100 


40 hours 
at 80 $ 


294 


31 


177 


13 


I 84 


24 


108 


32 


172 


28 


50 hours 
at 80$ 


237 


25 


; 144 


11 


144 


19 


87 


26 [ 


128 


21 


60 hours 
at 80$ 


190 


21 

1 


114 


9 


124 


• 16 


! 72 


21 [ 

1 


112 


18 



. ... ne oxpQctQd, there arc substantial economies. The saving in laboratorv 

cost per student of expanding numbers so that laboratories are used for 80$ of a 
60-hour week for 4 of the courses is between 79 % and 84 %. This, however, tends to 
o/er state the savings slightly, as the use of buildings for longer hours will gene- 
rate some increase in maintenance’ costs. 

The greatly increased numbers of students will generate additional demand 
ftni olu ’ 3 * In Chapter 9, it was found that if laboratories were used for 

S'? at a 32 hour week, there would be severe pressure on classroom accommodation. 
oJ 1 noted » would raise the utilisation of medium-sized rooms to 

i? 10 ? probably involve some extension of the 32 hour week to solve 

Fa ublingproblems. This safety-valve would not of course be available 

if the standard teacjm.ng week were extended to 60 hours. We have therefore, in 
estimating yotai cost per student, with. longer working weeks assumed that additional 
m “ocmmodation Will be required pro rata for aH extra students beyond the 
number, enrolled when the working week was 32 hours, and intensive utilisation 80$. 

iLS hC '\+°f dS i t° re 1E n ° furbher reduction in classroom cost per student below the 
levels obtained when rooms are used for 8.0$ of a 32 hour week, 

. • • • , .- 589 ?- ^ 0*4 we. show total economic cost per student for each of the five 

different wesrking weeks, assuming, that laboratories are used for 80$ 
oi the time, and that the .additional classrooms required are provided at the current 
cost per square foot, ‘ ..... . 
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Table 10.4 Reduction in Total Cost-ner-Student in Relation to Longer Teaching Weeks 



Laboratory 

Utilisation 


Pharmacy 


Colour 

Chemistry 


Electrical 

Bag, 


Applied 

Biology 


Applied 

Physics 




Total Cost 
per 

Student 


% of 
Existing 
Cost 


£ 


: % 


£ 


% 




% 


£ 


% 


EXISTING 


£3294 




39X6 




3603 




3110 




3682 




40 hours 
at 80% 


2593 


79 


2649 


68 


2938 


01 


. 2837 


91 


3083 


04 


50 hours 
at 80% 


2536 


77 


2613 


67 


2898 


80 


2816 


90 


3039 


82 


60 hours 
at 30% 


2497 


76 


2586 


66 


2673 


so 


' 2801 


90 


3023 


82 



It will be seen that an extension of the teaching week to 60 hours and 
intensive utilisation of 80%, enables student numbers to be increased to an extent 
which reduces tho total economic cost-per-student by between 10% and 24 % « This total 
cost is the average for all students on the course, not just tho additional ones, 
where strict marginal cost is almost aero. Although the increase in the number of 
students is very large, the proportionate saving in total cost per student is not 
great. However the savings represent the avoidance of constructing expensive new 
laboratory accommodation, for which large capital sums would be required. 

It is recognised that there are practical problems of increasing both the 
intensive degree of utilisation, and the length of the teaching week. In particular 
there may be timetabling difficulties, and it may be necessary to find some form of 
inducement to academic and technical staff to work outside the conventional working 
hours. However, in view of the cost of providing new accommodation, it is important 
to utilise existing space as fully as possible. The levels of utilisation, both of 
laboratories and classrooms, quoted in Chapter 8, leave considerable scope for im- 
provement, and the potential savings identified in Chapter 9 and so far in Chapter 
10, provide ample economic inducement to attempt to make such an improvement. In view 
of this, further more detailed study of the advantages and problems of spreading 
teaching over a longer working week, is justified. 

2) Re-arrangement of the Academic Year 

It is beyond tho scope of this report to consider the academic and adminis- 
trative arguments for and against re-arranging the pattern of the academic year, to 
avoid the long periods during which university buildings are not, at present, in use. 
Our concern here is to estimate the reduction in the unit economic costs defined in 
Part 2, that might accrue if some such alternative system were adopted. 



The University of Bradford already operates several different types of 
academic year for different courses, and these were described in Chapter 3* Some of 
these courses already utilise teaching accommodation for dp to 42 weeks of the year* 

In this chapter we take each course that at present operates on a conventional 3-year 
3-term system, or on a "thick— sandwich 11 system (3 conventional years with a complete 
interspersed year in industry) , and translate it into a double— entry system, explained 
below# 



Hypothetical Pattern of Academic Year 

The academic year is divided into 4 terms, thus: 



Term 1 
break 



12 weeks, October - December 
2 weeks, Christmas 



Term 2 
Term 3 
break 



12 weeks, January - March 
12 weeks, April - June 
2 weeks. Midsummer 



Term 4 



12 weeks, July - September 



There are two intakes of students per year, one in October, and ono in 

April# Each intake attends for two twelve-week terms with a fortnight's break 

between them, and than leaves the university for six months. 

In order to enable the same amount of teaching as at present to bo given, 
it is necessary to increase the length of the working week. At present the total 

hours available for teaching to a conventional 3 year course or to a thick— sandwich 

course equals 3168 hours ( 3 years x 3 terms x 11 weeks x 32 hours per week) , If 
the normal teaching week Is extended to 44 hours , then 3168 hours will still be 
available under the revised system ( 3 years x 2 terms x 12 weeks x 44 hours). A 
working week of 44 hours, if confined to 5 days, means that lectures may start at 
any time from 9s 00 a.m* to 6:00 p.a. 

Students thus receive the same amount of teaching per year, but concentrated 
into a six— month period instead of the present 8-g - months, .against this, they have a 
clear six months away from the university between each year of their course. It would 
thus be possible to complete a conventional 3 year course in 2>r years. Thick sandwich 
courses could either involve a complete year in industry in which caso they would last 
3 -|- yiars instead of four| or split the industrial year between the two six-month gaps 
in university study, in which case they could bo completed in 3 years. 

There are of course numerous other patterns that could bo adopted with 
fewer or greater disadvantages, the method described above is chosen simply to repre- 
sent the possibility of a double intake. 

Effects on Costs of Revising the Academic Yeo.r 

The re-arrangement enables the number of students on courses at any one time 
to be doubled, without increasing at all the number actually present in the university 
at that time. Consequently no additional classrooms or laboratories are required, so 
the cost-per-student of these two items will be halved. 
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The doubling of intakes implies a doubling of the total teaching load, so 
mg assume a doubling in the number of academic staff, and consequently academic 
staff office space. The average teaching load is unchanged, bub will be concentrated 
into six months, leaving staff free of undergraduate teaching responsibilities for 
the other six months of the year. Cost per student of academic staff and their offices 
is unchanged. 

It is further assumed that expenditure on administrative, libraries, and 
student facilities is doubled, also the area, and therefore the annual cost of admin- 
istrative offices. Cost per student of these items, therefore, remains the some, 

For the remaining elements of cost, two alternative assumptions are made — 
the “pessimistic 11 ' and the “optimistic”. Pessimistically it is assumed that the area, 
and the annual cost, of study facility space (such as libraries and reading rooms) 
and student facility space (such as refectories), esqpenditure on technical staff, and 
the annual cost of teaching equipment and materials will increase pro rata with stu- 
dent numbers. 

Under the optimistic alternative the following assumptions are made; 

1) Study facility and student facility space - no increase in 
total area and annual, cost because at any one time no more 
students are physically present, in. the university. Cost per 
student therefore falls by half, 

2) Expenditure on technical. staff - only a $0% increase, because 
no extra staff are required for the fourth tern (the existing 
staff are already paid for the whole year), but the extension 
of the working week involves shift-working at augmented rates 

. of pay. Technical staff cost per student consequently falls 

, ' by a quarter, 

3) Annual cost of teaching equipment and materials - only a 
50% increase, because although materials expenditure may be. 
expected to increase pro rata with student numbers, no addi- 

i . tional equipment will be necessary. It is possible, however, 

that the more intensive use of equipment will require it to 
be renewed more frequently. 

The assumptions made are fairly approximate. Too much accuracy should not 
therefore be placed on the results quoted below. They do however give a broad indica- 
tion of the extent to which cost per student might be expected to fall. 

The results obtained are summarised in Table 10.5, which shows the percen- 
tage savings in cost per student in each of the eleven courses considered. 
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Tub'i.o 10 „ 5 Percentage Savings In Economic Oost-per-Student 
Associated with Two Intakes of Students 
Annually 





Pessimistic 


Assumptions 




, Optimistic Assumptions 


Course 


Capital and 
Maintenance 

Costs 

- 


Total Cost 
per Student 




Capital and 
Maintenance 
Costs 


Teaching 

Costs 


Total Cost 
per Student 


Laboratory-based 
Civil Engineering 


29.7 


12.2 




46,4 


12.9 


23.9 


Applied Biology 


24.6 


6.7 




45.3 


10.6 


18.1 


Pharmacy 


35.5 


15.6 




47.6 


14.6 


26.8 


Materials Science 


27 .2 


8,4 




47.5 


11,9 


20.7 


Applied Physics 


31.3 


11.7 




48.0 


13.6 


24.0 


Opthalmic Optics 


31.9 


10,4 ■ 




48.1 


11.3 


21,8 


Textile Technology 


31.6 


12.4 




46.8 


11,5 


23,1 


Classroom-based 














Business Studies 


20,0 


7.0 




45,2 


7.3 


17.9 


Social Sciences 


11.7 


3.9 




43.4 


3,6 


15.6 


Mathematics. 


18,7 


7.4 




45.0 


3,1 


18.7 


Statistics 


17,6 


5.6 

t 




49,9 


2,8 


16,8 



Notes Under the Pessimistic Assumptions there are no savings in teaching 
costs per student. 



The potential savings are substantial. Under the optimistic set of 
assumptions, the reduction in capital and maintenance costs per student varies 
between 43% and 50%. Savings in teaching costs (through the fuller use of techni- 
cal staff and equipment ) vary between 10-§% and 142% in laboratory-based courses, 
and 2,8% and 7,3% in classroom-based courses. The reduction in total cost per 
student ranges from 15,6% to 26,8%, 

Even under the pessimistic set of assumptions (which allow only for eco- 
nomies in classroom and laboratory space costs) the savings in total cost per student 
rise to 15*6%, and the average saving for the eleven courses is 9.2%, 

The savings that might be achieved, even allowing that some of them are 
of a capital nature and will not be reflected in the recurrent grant, are substan- 
tial, and would justify detailed study of the possibility of introducing some form 
of double-intake system,’ 
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CHAPTER 11 



ECOMCMI^S CT THE COST OF NEW BUILDINGS 



As th© number of students in a university increases, new buildings will 
sooner or later be required to accommodate then* A now building constitutes a 
major expense both to the university and to the U,G.C. , in the short-torm due to 
its; construction costs, and in the longer-term, to its maintenance and running costs* 
Hence there is a considerable incentive to reduce the cost of new buildings, 

, ... i 

There are two broad ways in which the cost per student of new buildings 
can be reduced: ■ 

(i) a reduction in the initial cost-per-squaro-foot 
of the building ‘ 

(ii) a closer matching of new buildings with student 
numbers, 

1) Reduction in Capital Cost 

The initial capital cost per square foot of a building can be cut without 
reducing the basic facilities which the building must provide. Vie uee the words 
"basic facilities 11 , for if the aim is to cut costs, then some facilities, taken in 
the widest sense of the term, will have to be forgone*. 

The capital cost of a building can bo reduced simply through a deterioration 
of standards. Lower maximum floor loadings could be used, ©specially in science 
buildings in those areas which are not initially planned to take laboratories and 
heavy equipment. The disadvantage of this is the loss of flexibility in the future 
use of space. Buildings could be made lower, but covering a larger area of ground 
so as to ensure that all the heavy floor loadings could be put on the ground floor 
(this happens at present with the heaviest laboratories), although the problem of 
insufficient site area may arise. This is especially a problem in urban sites, where 
even if the land wore available, it might be too expensive. Cheaper materials and 
poorer finishes could also be used without reducing the essential basic facilities. 

The implementation of suggestions such as these could result in savings of 
only a few percent in cost per square foot, because the bulk of the cost is incurred 
in the basic structure where savings can not be made. 

To show the possible size of savings, we postulate a reduction of 10$ in 
the capital cost of all the non-res idential buildings owned by the university, and 
of the non-teaching equipment in them. (Rented buildings are ignored,) The cost 
of land, and the annual maintenance costs are assumed unchanged. 

In 1970-71 the annual capital cost of the buildings and equipment in ques- 
tion is £655 >973* The annual capital cost of land and the annual maintenance expen- 
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dituxe amount to £-393,416, giving r. total annuel capital and maintenance cost of 
£1,049,389* A 10% reduction in the cost of buildings and non-teaching equipment 
causes a 6.25% reduction in total annual capital and maintenance cost, and conse- 
quently a 6.25% reduction in cost per square foot. In Table 11.1 we show the con- 
sequent savings in eost-per-st’-dont on each course* It will be noted that tho savings 
are small, ranging between only 1.7% and 3.1% of total eost-per-student. 

Table 11,1 Savings in Gost-ner-Student Resulting from a 10% 

Reduction in the Capital Cost of Buildings 
and Mon-teaching Equipment 



Course 


Present Capital and 
Maintenance Cost per 
Student (£) 


Saving 

(£) 


Present Total 
Cost per Stu- 
dent (£) 


% Saving 
in Cost 
per 

Student 


Chemical Engineering 


908 


56.7 


2557 


2.2 


Civil Engineering 


1030 


64*4 


2509 


2,6 


Electrical Engineering 


1278 


79.1 


3 603 


2.2 


Mechanical Engineering 


1768 


110,5 


3991 


2.7 


Applied Biology 


849 


53.0 


3110 


1.7 


Pharmacy 


1446 


89.4 


3294 


2.7 


Chemistry 


1915 


119.7 


3874 


3.1 


Colour Chemistry 


1888 


118.0 


391S 


3.0 


Materials Science 


1134 


70.8 


3680 


2.0 


Opthalmie Optics 


1011 


63.2 


2999 


2.1 


Applied Physics 


1375 


85*4 


3 682 


2.3 


Textile Science 


1245 


77,8 


3156 


2,5 


Business Studies 


710 


44 o3 


2114 


2,1 


Modern Languages ) 

Social Sciences ) 


Teaching takes plac 


:Q in rent < 


bd accommodatio’ 


n 


Applied Soc, Studies) 
Mathematics 


907 


56.6 


2307 


2,4 


Statistics 


563 


35.1 


1775 


2.0 



There are two arguments against reducing the capital cost par square foot 
. of new university buildings. 

The first is the aesthetic argument that university buildings should exude 
an •’academic atmosphere’ 1 , and that this would be lost if construction costs wore cut. 
Similarly, there is the citizen’s interest in having fine civic buildings. Although 
these arguments car ty weight, it should bo pointed out that there is a trade-off bet- 
ween such aesthetic considerations and economic factors j the cost of having on# is 
the loss clue 'to not having the other. The citizen who takes pride in the architec- 
ture of a new university building is, at the same time, the taxpayer footing tho bill. 
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If public money must be saved in the university sector* then it Is better to reduce 
the costs of buildings rather than of other factors (such as staff) which have a 
more direct influence over the output of the sector, (Indeed in strict output bud- 
geting terms one might define "the fulfilment of civic pride” as a separate programme 
and charge the additional costs of buildings better than purely functional to this 
progra mm e instead of to the teaching of students.) 

The second argument against reducing the initial capital cost of a building 
is a purely economic one — that the annual maintenance costs of the building over 
its lifetime may be increased. This inverse relationship between the initial capital 
cost of buildings and their subsequent annual maintenance costs has been postulated 
by Zimmerman^ in a study of school buildings in California, However* he has been 
criticised by MacdowaU* for not concentrating on the relative economies of the 
relationship, Maedowall argues that the reduction in annual maintenance costs per 
square foot postulated by Zjjnmerman* discounted to the present* and looked upon as 
the benefits arising from the additional investment* amounts to a rate of return of 
less than one percent. The additional investment is clearly uneconomic if measured 
solely in terms of saving on maintenance expenditures* If this analysis can be applied 
to university buildings* and certainly it is the opinion of the Architect* s Office 
in this university that such reductions in capital cost would not lead to any appro*. * , 
ciable increase in maintenance expenditures * then the case for cheaper university 
buildings is strengthened* 

2) Matching New Buildings More Closely with Student Numbers 

Even if the cost of a new building is reduced* the cost in the early years 
will still be high relative to the fl outpui*’ it produces. This is because buildings 
come in large discrete amounts* whereas student intakes increase more gradually. Con- 
sequently* new buildings are often initially under-utilised* as is the Civil Engineer- 
ing building in this university. 

The problem could be alleviated by having a large expansion in student 
numbers in the university coinciding with the first use of the building. However* 
the discontinuity in student numbers would lead to many diseconomies such as a lack 
of anoilliary facilities, and a difficulty of obtaining new academic staff and fitting 
them into the courses concerned. Even so* since intake can only be into the first 
year of a course, there must be some under-utilisation in the first two or three 
years of an expansion programme* 

.... An alternative ■ solution would be to expand in rented accommodation until 
such times as numbers merit the construction of a new building. This would hare the 
advantage of postponing the construction of a new building, and the associated expen- 
diture until it could be well utilised. 



1, W, J. Zimmerman;: "The Relationship of Initial Cost and Maintenance Cost in 

ELcmcntary School Buildings'* , School of Education* Stanford University* California 

2. Guy Oddis ( OECD) * "School Building Resources and Their Effective Use", ed, 

. .. MacdowaU* . Chapter. X, pages 89 to 90, 
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Unfortunately, this situation may not be easy to arrange. Sufficient 
additional rented accommodation would have to be forthcoming at the appropri _ • 

as student numbers increase, and then all the rented accommodation wo ^ d ^ 

relinquished when the new building is completed. It is questionable wheth , . V" 

are sufficiently flexible, while for universities in rural sites, such accommodation 
would not be available. Moreover, rented accommodation generally could not be use 
for laboratories. Nevertheless there is a useful flexibility in possessing a certain 
proportion of rented accommodation suitable for general teaching an or o ices on 
a short-term lease, and which could easily be transferred between departments as 
varied* 



A third possibility is to add the extra accommodation in small increments 
by the use of pre-fabricated buildings. Such buildings can be erected more quickly 
than those of a conventional type, and if they are constructed on a wide enough s ° oJ -° 
significant economies of scale through mass production of components could be achiev , 
thus also lowering the overall capital cost. The economics of the CLASP? system of 
prefabrication in the United Kingdom has been described as follows; 4 

’’The CLASP system was originally designed for the construction of schools, 
but it was expected from the outset that it would also be used for other 
typos of building. At its present stage of development, it is economical 
for buildings up to four storeys high with medium spans and moderate 
upper floor loads, and con be used for comparatively small buildings w.th 
the characteristics (about £15,000 in cost) and quite large ones. (£650,000 
is the largest so far projected) because very little site plant is 
required in cither case* It has been used eucoessfully for schools^ 
offices, fire stations, ambulance stations, welfare buildings, wrkshops, 
and libraries. But although buildings of any area can be produced with 
the components, the minimum annual programme is £1M worth of building each 
year. This is the "minimum mass" on which the prefabricated components 
begin to pay off their overheads. Lvon at this figure the production 
rate is st ill rather small to make the system competitive in. cost with 
other types of building, and a programme of over £4M is required to moke 
tho use of the system really economical. By the inevitable economics 
of factory quantity production, the bigger the building programme as a 
whole, the lower will be the cost of the system for each individual building. 

The U.G.C, is investigating the use of pr ©fabrication for university buil- 
dings, but apparently so far without much success. The problem appears to be that 
universities have a much wider variety of building requirements than do schools*, and 
that each university is to a lesser or greater degree a special case. Hence economies 
of mass production are not easily realised because of the large variety of componenuS 
required. Many of the buildings at the University of York were constructed using a 
modified form of the CLASP system, but it seems that the extensive modifications re- 
qudred absorbed any possible economies, 
standard university buildings. 



The buildings at York cost much the some as 



3, CLASP ; Consortium of Local Authorities Special Program 

■ 



ijl Q r * yUlioUX UhLUjU Ui* ij w iLv.^ ■-** ^ i “ m / — \ y. 

"The Story of CLASP", Building Bulletin 19, Ministry of Education (now DnS), June 



1961, KM30 , page 31 
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The main limi ting factor with prefabricated buildings is that the struc- 
tures can only support moderate span and floor loadings. This makes them unsuitable 
for laboratories, workshops, and computer rooms, unless these can be housed on the 
ground floor. Nonetheless, there seems to be little, reason why such systems as CLASP 
could not be used for blocks of class .and seminar, rooms, staff offices, and the like. 

Most British universities have their quota of imposing architecture. Pre- 
fabricated buildings of the CLASP type could be a means of adding general teaching 
space relatively quickly at a low cost to match increasing student numbers. 
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CHAPTER 12 



FACTORS AFFECTING THE D1MAND FOR TECHNICAL STAFF 

This chapter attempts to isolate the demand factors for university technical 
staff, which accounts for a major proportion of university spending on academic de- 
partments — 12,9% in the University of Bradford 1969/70 — and to suggest possible 
economies in the planning of existing and proposed academic departments which are 
consumers of technical staff. 

The University of Bradford, in common with other universities, already 
operates a principle of general guide-lines in assessing proposed expenditure on 
technical staff, but these guide-lines allow for a wide variation of establishment 
between Boards of Studies, and indeed between individual departments in the same 
Board* The Bradford guide-line relates technical staff establishment to academic 
staff, and similar criteria are applied in many other universities, including the 
University of Dublin, 

Whether an academic staff -based criterion is used, or the technical staff 
establishment is treated as part of an overall ancillary staff budget, as in the 
University of Lancaster, considerable discretion is exercised by departmental heads, 
in c< ■ '-ultation with university planning authorities. 

We attempt below to identify an overall space-based relationship between 
teaching an d research laboratories and technical staff establishments, which can e 
applied in different institutions, and yet allow for the alternative emphases which 
those institutions place on different disciplines and teaching methods. 

University of Bradford 

The data collected relates to the University of Bradford, for the academic 
vear 1969/70. As a former College of Advanced Technology, and then a technological, 
university, the emphasis in Bradford lies to a great extent in Science and Engineering 
disciplines, which we the main consumers of technical staff. 

Within the university, the Steering Committee- of the Academic Planning 
Committee has laid down some general ratios for academic/technieal staff but these 
allow for variation between departments and are not sacrosanct,. At the pres > 
all requests for additions to establishment are reviewed on their merits ty a 
specially constituted sub-committee of the university, and financial constraints mean 
that only the most urgent cases can be considered. 

In assessing t ho cost of staff in the year 1969/70 we have takenj’full-cost 1 ' 
we have applied the total cost of all salaries, including associated insurance 
and superannuation contributions, to the various departments. To allow for variation 



1, Engineering, Physical and Life Sciences 1,3s!? Modern Languages 6. 5*1? all 
other departments 17«5tla 
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within scales we have assumed the median of all scales in force in that year (with 
the exception of Chief Technicians, where the maximum seemed more relevant), and 
have added 10% for associated costs. 

We have excluded all technical staff not funded directly by the university, 
i.e. those employed from research grants or other outside funds, but have included 
the grade of Experimental Officer, and Senior Experimental Officer at the higher level 
of technical support. 

The existing establishment in Bradford was re-assessed in I960 by the 
application of a points system for the various grades of technical staff, ^ and this 
system has been used in preparing tables for the University of Bradford, and also 
in the comparable tables for the University of Lancaster# 

Khanna and Bottomley in their earlier paper'' subdivided the costs of ” pro- 
ducing" first-degree graduates under six main headings, one of which was the salaries 
of teaching and technical staff, and expenditure on teaching equipment and materials. 
Their original assessment of technical staff costs was arrived at by assigning a pro- 
portion of total technical staff term-time salaries which assumed that the technical 
staff time input to undergraduate teaching was similar to that of academic staff. This 
was later revised to take account of the disparity in actual laboratory hours teaching 
given in the various departments, and a revised set of costs was prepared, relating 
undergraduate time-input to the division between undergraduate, and research and post- 
graduate, laboratories in each department, (These are the costs discussed in Part 2 
and presented in detail in Appendix 2.) This paper attempts to show the factors which 
led to their observed distribution of technical staff. 



A m Relationship .of Technical Staff Establishment to Academic Staff and Student 
Numbers In Each Department 

It is necessary first to demonstrate that the guide-lines referred to above 
do not provide a precise indicator to the technical staff needs of any individual 
department. Since many departments in , Bradford have also an academic staff % student 
ratio in the region of Is 10, var. itions in the academic : technical staff ratio are also 
reflected in the ratio of technical staff to students. The figures relate to 1969/70, 
and the student numbers are weighted in line with generally used U,G,C. weightings. 



2, Senior Escperrimental Officer 
Experimental Officer 

Chief Technician 
Senior- Technician 
Technician 



10 points Junior Technician 3 points 

9 points Laboratory Assistant 4 points 

8 points Labourer 4 points 

7 points Scanner (part-time) 2 points 

5 points 



3i R, K, Khanna and J, A, Bottomley: ’’Costs and Returns on Graduates of the 

University of Bradford”. Accounting and Business Research , No, 1, Winter 1970, 
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Table 12.1 Academic t Technical Staff Ratios 



Department 


Recommended Ratio 


Actual Ratio 


Chemical Engineering 


1.3:1 


1.4:1 


Civil Engineering 


1,3:1 


0.9:1 


Electrical Engineering 


1.3:1 


1.9:1 


Mechanical Engineering 


1,3:1 


1,3:1 


Industrial Technology 


1,3:1 


3.5:1 


Biological Sciences 


1.3:1 


1.1:1 


Pharmacy 


1.3:1 


0,0:1 


Ghemistry/Colour Chem. •; 


i 1.3:1 


1.0:1 


Physics 


1.3:1 


0.9:1 


Textiles 


1.3:1 


1.0:1 


Business Studies 


17.5:1 


15.5:1 


Social Sciences/Applied 
Social Studies 


17.5:1 


22.5:1 


Modern Languages 


6,5:1 


5.5:1 

i 



It is clear that the recommended ratios are just that, and wide variations are 
observed. The particularly’ poor ratio in Industrial Technology reflects the 
department's small size, and the sharing of laboratory facilities and practical 
touching within the Board of Studies, 

In general f departments in the Boards of Life Sciences and Physical 
Sciences are better staffed than those in Engineering, with the oxc option of Civil 
Engineering. 

In view of the attempt to standardise establishment on a points system 
however, it is possible that actual numbers of staff are not a precise guide, A 
figures of 5. ,5 staff points, being the mean weight of the technical staff in all 
departments, was accordingly substituted in the recommended ratio. For convenience, 
the resultant ratio 1.3s 5, 5 is inverted to give & recommended ratio of 4 technical 
staff points for each academic staff member. 



Table 12,2 Technical Staff Points per Member of Academic Staff 



Department 


Recommended Lumber 
of Points 


Actual Number 
of Feints 


Chemical Engineering 


4 


■ 3.S 


Civil Engineering 


4 


6.0 


. Electrical Engineering 


4* 


3.5 


Mechanical Engineering 


4 


5.0 



» . . . .continued 
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Department 


Recommended Number 
of Points 


Actual Number 
of Points 


Industrial Technology 


4 


1,9 


Biological Sciences 


4 


5.1 


Pharmacy 


4 


6,7 


Ch 0 /.lie t r'j / C olour Chen, 


4 


5.0 


Physics 


4 


6.0 


Textiles 


4 


6,6 


Business Studies 


0,3 


0,4 


Social Sciences/Applied 
Social Studies 


0.3 


0,2 


Modern Languages 


o.c 


• 0,9 



The picture remains the same, and it seems clear that the distribution of 
technical staff is not related to that of academic staff. 

As a further check, the ratio of student enrolment: technical staff is 
compared for each department, in. conjunction with the existing student: academic staff 
ratio. While the expected variations are repeated, they do not appear to reflect the 
concomitant variations in the student: academic staff ratio. 



Table 12,3 Number of Students per Member of Academic and Technical Staff 



Department 


; Students per Member 


Students per Member 




of Academic Staff 


of Technical Staff 


Chemical Engineering 


14.1 


20,3 


Civil Engineering 


16.6 


14.4 


Electrical Engineering 


10.9 


20.6 


Mechanical Engineering 


10,6 


13,7 


Industrial Technology 


4.1 


14.1 


Biological Sciences 


9,9 


10.7 


Pharmacy 


. ; 9»-5 


7.4 


C hernia try/ C olour Ghem,. , 


9,6 


10.0 


Physics 


11.2 


10.3 


Textiles 


13.7 


13.7 


Business 'Studies. ' 


9.1 


142,5 


S 0 e ial S 0 ;i . 0 : 3.0 0 o/Appli ed 
Social Studies 


10,6 


23.9 


Modern Languages 


11.2 


61.5 



Table 12,4 shows the cost of technical staff per registered student in each depart- 
ment i:i 1969/70, The cost of technical staff has been divided by the number of 
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undergraduate and postgraduate students registered in the department. No weightings 
have been applied to postgraduates, but part-time students have been weighted ■£«, The 
table shows wide variations in per-student cost between departments, and indicates 
the weight of expenditure which technical staff incurs. 



Table 12.4 Technical Staff Cost per Rogirterod Student 



Department 


Technical Staff Cost 
per Student-Year (£) 


Chemical Engineering 


66 


Civil Engineering 


03 


Electrical Engineering 


!■' 69 


Mechanical Engineering 


106 


Industrial Technology 


93 


Biologicul Sciences . 


117 


Pharmacy 


155 


Chemistry/ Colour Chemistry 


121 


Physics ■ 


123 


Textiles 


10S 


Business Studies 


ri 

u 


Social Sciences/Applied Social 

Studies. 


5 


Modern Languages 


10 



Bo The Role of University Technical Staff 

Having considered, but discarded, the assumption that the distribution of 
technical staff between departments is purely arbitrary, the. next step is to consider 
the precise role which the university technician plays. , 

There are three main consumers of . "technician time" : 

1. Servicing of teaching laboratories 
2» Servicing of research laboratories • . 

3* Self-training (including part-time release). 



The third of these can be set aside, as it depends on the criteria laid 
down for promotion in the universities, and is not itself an element of demand. 

Observations of university departments shows that those departments which ■ 
are laboratory— based, e.g. medicine, engineering, and science, are consumers of 
technical staff where lecture and library-study based, departments’, (.arts, etc) are not. 
This correlation cannot, however, be applied in 'a more rigorous way. The amount of 
practical teaching given in an individual department does not, in itself, provide a 
simple guide to its demand for technical staff. The Chemical Engineering department,. 
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which requires a’ wi n^mnl amount of laborat'ory-bas ed teaching (not more than, 54 hours 
per student in any year) has 27 technical staff, while Civil Engineering has 23 staff 
to service from 264 hours practical teaching per student in the first year to over 

1.000 in the final year, 4 

To assess the total demand for technical staff, generated by the demands of 
both practical teaching and research, information was collected on the total labora- 
tory space in each department, classified as •'research” or "teaching” laboratories, 
(Table 12,5) Research laboratories are assumed to be more intensive in their use of 
technical staff, -by virtue of their more expensive equipment and of the higher level 
work being carried out, and a factor of 3 is assigned to the area of these laboratories. 
Thus a technician who services undergraduate teaching is assumed to bo responsible 
for three times the area of a technician employed in a research laboratory. (This 
factor of 3 is. the standard U.G.C. weighting for f ull -time science-based research 
students,) 

Some departments are in process of changing to new accommodation, or have 
recently clone so. Civil Engineering, in particular, has recently exchanged its 
cramped accommodation in the Main Building for a new Civil Engineering building; both 
the old and the new laboratory areas are separately treated in the calculations below. 

The total laboratory area (unweighted) in the university is approximately 

250.000 sq.ft. This represents 1,200 sq.ft, per technician. Teaching laboratories 
constitute approximately 75% of this space, and the remainder is for research. 

Applying the weight of 3 to a research technician, suggests that, on average, the 
university requires approximately one member of the technical staff (or 5*5 points) 
for each 1,600 sq.ft, of teaching laboratory, and for each 540 sq.ft, of research 
laboratory. 



Table 12.5 Laboratory Area and Technical Staff Points 

(University of Bradford) 



■ , . ■ 

Department 


Technical Staff Points 


Teaching Labs 
(sq.ft.) 


Research Labs 
(sq.ft.) 


Business Studies 


11 


231 




Industrial Technology 


13 


3,000 




Social Sciences and 








Modern Languages 


30 


3,611 


200 


Textile Technology 


66 


6,141 


411 


Biological Sciences 


6? 


. 4,306 


2,136 



« , c ontinued 



4, These figures ' assume group sizes in line with the departments own assessment as 
to the educationally acceptable maximum} • between' 20 and 40 . in the case of Civil 
Engineering, and 50 in Chemical Engineering, ■ 
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Department 


Technical Staff Points 


Teaching Labs 
(sq.ft,) 


1 Research Labs 
(sq.ft.) 


Electrical Engineering 


112 


19,290 


3,100 


Mechanical Engineering 


U4 


29,564 


3,460 


Civil Engineering (old) 


119 


7,342 


4,362 


Civil Engineering (new) 


110 


26,307 


18,015 


Physics 


136 


10,812 


3,930 


Chemical Engineering 


148 


7,132 


16,000 


Pharmacy 


218.5 


20,917 


13,944 


Chemistry 


247,5 

♦ — - 


25,702 


20,704 



The relationship between laboratory area^ arid technical staff establishment 
(expressed in points) shown above is highly significant, fho correlation coefficient 
is 0,0020, or 0,9537 with the alternative accommodation figure for Civil Engineering 
and the significance in each case is less than 0,01, 



University of Lancaster 

Comparable data was obtained from the University of Lancaster, 



Table 12,6 Laboratory ikroa and Technical Staff Points 

(University of Lancaster) 



Department 


Technical Stai 


rf Points 


Teaching Labs i 
(sq.ft.) ; 


[ Research Labs 
(sq.ft.) 


Environmental Sciences 


79 




11,245 


6,744 


; Chemistry 


89 




21,186 


12,504 


Biology 


113 




27,679 


15,371 


Physics 


157 




12,000 


24,694 



The overall picture is of a more research-oriented laboratory structure, 
and mono generous allocation of laboratory space. Expenditure on technical staff 
in Lancaster is treated as part of an overall ancillary staff and resources budget, 
but even with the restricted degrees of freedom, the relationship (r = 0,883) is 
still significant (P < 0,05), 



5, Weighted 3il in the ease of Research laborator ies , 
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laWatory Ratio on ad. B «n P nnrt 

_ eo „ h Bt S <Jy I the effect of a variation in the balance between teac hing and 
research laboratories I have taken two areas. in the University of Bradford (Elec- 

nSb2sf 1Sine0ring and PharniaCy) mid compared the results of doubling their student 

^ with their existing ratio of teaching! research laboratories, and 
) with an altered ratio of 3:1 in line with the university averaga, 

The main points of difference between the departments ares 

(a) Electrical Engineering is more teaching: research laboratory 
based (6.2sl) than Pharmacy (2*1:1), 

(b) Pharmacy has a markedly better academic i technical staff 
ratio (0,0 against 1,9)* 

(c) Pharaaey is correspondingly more expensive in its use of 
technical staff (£155 per student-year against £69), 

The following assumptions are made: 

(1) Doubling of existing student numbers 

(2) No spare laboratory space at point of increase 
y\ fisting academic staff ; student ratio maintained 

111 square footage per technician maintained 

\5) Doubling of total laboratory space 



Table 12.7 Electrical Engineerlnf? 



Student Numbers 
Teaching Labs (sq.ft*) 

Research Labs (sq.ft.) 

Research Labs (weighted area) : 

Ratio of teaching : research • labs- (actual area) 
Ratio of teaching! research labs (weighted) 
Sq.ft* per teaching technician (approx.) 
Sq.ft, per research technician (approx.) 
Number of teaching technicians 
Number of research technicians 
Number of academic staff required 
Nmber of technical staff required 
Ratio academic : technical staff 



Present Teaching! 
Research Labora- 
tory Ratio 


| 3 : 1 Teaching : 
Research Labo- 
ratory Ratio 


722 


, 722 


33,596 


33,597 


6,200 


11,199 


10,600 


33,597 ' 


6.2:1 


3:1 


2,1:1 


1:1 


1,600 


1,600 


560 


560 


23 ; 


20 


11 


20 


64 


64 


34 (+17) 


40 (+23) 


! ' 1.9 


1.6 



12*0 



4 
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1-. The extra number of technicians required for the increased 
enrolment is 6 (or 3 if a similar alteration of ratio was 
applied to the Department of Electrical Engineering as it 
is presently constituted). 

2. 7.' e ratio of academics technical. staff would, still exceed 

o recommended university ratio of 1.3:1. 



If the department wishes to shift the emphasis towards research laboratories, 
but is precluded by financial considerations from recruiting the additional technical 
staff, an alternative approach is to alter the amount of laboratory space which each 
technician is required to service. 

If the existing 17 staff were to service an altered area of 16,730 sq.ft, 
of teaching laboratories (against 19,290) and 3,600 sq.ft, of research laboratories 
(against 3,100), while maintaining the constraint that research laboratories are 
three times as intensive in their demand for staff, the area serviced by each tech- 
nician would bes 

Existing Ratio Altered Ratio 

Teaching technician 1,600 (sq.ft.) 1,974 

Research technician 560 650 



Table 12 . 0 Pharmacy 





Present Teaching: 
Research Labora- 
tory Ratio 


3:1 Teaching:; 
Research Labo‘-» 
ratory Ratio 


Student Numbers 


662 


662 


Teaching Labs (sq.ft.) 


57,034 


64, 292 


Research Labs (sq.ft.) 


27,030 


21,430 


Research Labs (weighted area) 


03,664 


64,290 


Ratio of teaching: research labs (actual area) 


2.1:1 


3:1 


Ratio of teaching; research labs (weighted) 


0,7:1 


1:1 


Sq.ft, per teaching technician (approx.) 


1,665 


1,665 


Sq.ft, per research technician (approx.) 


555 


555 


Number of teaching technicians : 


35 


39 


Number of research technicians 


50 


39 


Number of academic staff required 


65 


65 


Number of technical staff require! 


85 (+42.5) 


70 (+35.5) 


Ratio academic : technical staff ' 


0.76 


0,03 



1, There is a saving of 7 technicians on the number required for 
the increased enrolment (or 3.5 for the department as presently 
constituted, but with an altered laboratory ratio) . 
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2, Altering the laboratory areas would mean a reduction in the area 
of space serviced by each technician, if the existing staff estab- 
lishment was maintained, of the following order* 

Existing Ratio 3:1 Ratio 

Teaching technician 1,655 (sq.ft.) 1,48? 

Research technician '555 496 



Estimating the Demand for Technical Staff 

We have endeavoured to show that the demand for technical staff Is influen- 
ced more by the physical demands of a department, in terms of laboratory space, than 
by a derived demand from other academic staff establishment, or student enrolment. 
This is exemplified in considering alternative proposals s 

1) to expand an existing deportment, and, 

2) to establish a new department, 

1. Expansion of an existing department 



In the case of technical staff, a space-derived demand would create the 
following alternatives: 

1. Linear expansion in line with present norms of teaching and 
laboratory space per technical staff (which is , equivalent to 

an expansion based on the existing academic : technical staff 

ratio) * 

2, Reduced demand for additional technical staff byi 

(a) increasing the ratio of teaching ‘.research 
laboratories within the department 



(b) increasing the square footage of laboratory 
space serviced by each technician, 

3. Increased demand for technical staff by: 

(a) reducing the ratio of teaching: research 
laboratory space within the department 

(b) reducing the square footage of laboratory 
space serviced by each technician. 



With a declared aim of effecting economies, option 2(a) offers the maximum 
scope. I have assumed that all laboratory space within the department was fully 
utilised at the point of expansion, and that the ratio can be altered by the conver- 
sion of existing laboratories , or by an altered balance in the proposed additional 
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accommodation. If however teaching laboratories were not fully utilised, and the 
expansion can be accommodated in existing laboratories , it may well be that no addi- 
tional technical staff will be required. 

2. Establishment of new departments 

To forecast the demand for technical staff requires the following informa- 
tion: 

1. Proposed area of teaching laboratories — this will be 
derived from course structure and amount of practical 
hours instruction to be given (A) • 

2. Proposed area of research laboratories — derived from 
research interests of department, and proposed post- 
graduate instruction to be given (B) . 

3. Average laboratory space (sq.ft.) serviced by each 
teaching technician in the university (a ) 4 

A. Average laboratory space (sq.ft.) serviced by each 
research technician in the universit y (b) « 

(a) and (b) are calculated as follows: 

p = total area of teaching laboratories in the university 

Q = total area of research laboratories in the university 

R = total number of technical staff in the university 



_ P + 3Q 
R 



b = 



a 

3 



The number of technical staff required in the new department (x) can then be estl 
mated by the formula: 

A + B _ A + B „ A + ,3B 
x “ a b ”* a a a 

3 



CONCLUSIONS 

1. The main purpose here has boon to show that the demand for technical staff is 
related neither to the student enrolment, nor to academic staff complement. 

2. Based on the data supplied by the Universities of Bradford and Lancaster, the 
demand for technical staff within a department appears to be related to labors' 
tory area, A close correlation is observed between the sise of the technical 
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staff in a department (measured , on a points basis) and laboratory area, when 
research laboratories are weighted as 3. 

3. Assu min g that research laboratories are more intensive in their use of technical 
staff, potential economies can be obtained by increasing the ratio of teachings 
research laboratories* 

4* Economies can also be obtained by increasing the area of laboratory space 

serviced by each technician, but on University of Bradford data, this option 
presents , less scope for significant savings. 

5, Provided there is unused capacity in either teaching or research laboratories, 
it is likely that expansion of undergraduate numbers win not require addi- 
tional technical staff* 
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PART 6 



COSTING OF aGADMC m^LOPMM-IT PROPOSALS 



The primary aim of this project has been to investigate potential economies 
in cost per student, with special reference to Bradford, University. One of our most 
sig nif icant findings is that it is easier to gam such economies through an expansion 
of student numbers, more fully using existing facilities, than by attempt ing to cut 
costs while keeping student numbers constant. Although the cost of the university 
increases in total, the cost per student declines. 

The large scansion of student numbers forecast in British universities 
over the nonet decade gives scope for the utilisation of such economies. Hence one 
of the concerns of the project has been with the planning for expansion within the 
University of Bradford, especially with a view to seeking economies in the proposals 
currently being made by the various schools for the forthcoming quinquennium (1972-3/ 
1976—7) . The purpose of this part of the report is to show the methodology adopted, 
and the results obtained. 

In Chapter 13 a method for costing expansion proposals to produce an incre- 
mental (marginal) cost per student is described. In Chapter 14, this method is used 
to cost some specific expansion proposals actually submitted to the Academic Planning 
Committee of the University of Bradford for the forthcoming quinquennium,. The scope 
for potential economies .in these proposals is then investigated . in the light of the 
findings of Parts 3, 4 and 5 of this report. 



O 

ERIC 



18G 



GHAFTiSR 13 



incremental costs 



The purpose of this chapter is to describe a method of calculating the cost 
per student of additional students on particular courses in the university. 

The use of "marginal" cost per student is rejected in favour of "incremen- 
tal" cost per student for this purpose. The difference between the "static" accoun- 
ting procedure used for calculating the historic average cost per student in Part 2 
and the "comparative static" procedure required for calcula oing incremental cost 
per student is emphasised (Section 1, below) . A more flexible approach is deemed 
essential for incremental costing in the university, and this is embodied in a dis- 
cussion of the significance and use of "accounting units" 

The reasons why incremental cost per student is likely to be lower than 
average cost are discussed, particular attention being paid to the fuller utilisation 
of present resources within the university (3). 

The output-budgeting question of the distribution of the cost of additional 
resources between various outputs is then considered ( 4 ) , and the chapter closes with 
equations showing how the incremental cost per student is calculated ( 5 ), and details 
of the factor prices used (6). 



1, Average Costs and Incremental Costs 

The analysis of unit costs in universities in Part 2 of this report provides 
a picture of the average cost per student of the undergraduate outputs of the Univer- 
sity of Bradford at a particular point in time. Here we are concerned with the 
costs of expanding student numbers from this position into the future, particularly 
with a view to finding economies. 

Because of the output-budgeting requirement that all of the university's 
resources must be attributed to one output or another, the average cost per student 
is inflated by the inclusion of important resources, such as accommodation and equip- 
ment, which are currently under-utilised. For this reason, it is possible to expand 
Student numbers without a pro rata increase in expend! bur 03 on these it ems ; the addi- 
tional cost incurred per additional student, the so-called "incremental" (marginal) 
cost per student, will, be lower than the present average cost per student. Following 
the normal r elationship between average and incremental (marginal) functions, the 
average cost per student will decline with the expansion of student numbers. 

The additional cost per additional student is referred to as the "incre- 
mental" cost per student in preference to the term "marginal" cost. Marginal cost 
is defined as the increase in total cost resulting from an increase in output of 
one unit, or in this rase, an increase of one student. The expansion proposals, 
however, deal with increases in student numbers in annual steps of up to twenty or 
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In the example we have a situation in which one transaction loads to three 
different results, in terms of changes in total cost, depending upon which accounting 
unit is employed, a situation not encompassed within the scope of the static account- 
ing procedure. By esclduing the time factor, the "static” procedure precludes the 
possibi li ty of changes in total cost; by excluding the possibility of internal shifts 
in resource uso, the "static” procedure also precludes the possibility of the costs 
of a particular proposal differing between accounting units. 

To provide for this last possibility more than one accounting unit must be 
psed. If, in the case of the above example, the only additional resource required 
by School B to expand its course is one room c sting .£500 per year, the other resources 
being found unused within tho school, then the additional cost to School B is £500, 

This £500 represents the change in the total cost of the accounting unit School B, 

If it is divided by tho additional student numbers it gives an incremental cost per 
student to School B* 

As far as the university is concerned* however* the proposal incurs no 
ad di tional costs, Tho incremental cost per student to the university is therefore 
sere. 

On the other hand, if the room is rented from outside the university at 
£500 per year, than the additional coet both the School B and to tho university is 
£500 (ass uming that the other resources required are found within School B, as 
before-). The £500 is the addition to the total costs of both accounting units 
incurred as a result of implementing the proposal! the incremental cost per student 
to both School B and the university is £500 divided by the number of additional 
students , 

The university accounting unit thus shows the extra costs incurred, by the 
university as the result of the expansion of student numbers. If these costs are in 
financial terms, they show the extra cash suras which will have to bo paid out per 
year. This is of interest to the university’s financial administration and to the ^ ^ 
University Grants Committee , On the other hand, if the costs are in economic (sociaa 
opportunity) cost terms , they roughly indicate the loss of output to the national 
economy as the result of drawing the additional resources into university uso. 

The d egree to which the cos t of a proposal to the Sch ool concerned is 
greater than the cost to the University indicates the d egree of absorption of internal 
R-oare resources . This is highly relevant for internal planning purposes. For example, 
the reason for the comparative cheapness of a particular proposal to the university 
may be because of a large absorption of internal spare resources. This will be shown 
in the costs incurred by the School, Insofar as these spare resources are non— 
specialised, their shortage consequent upon the acceptance of the proposal, may make 
subsequent proposals more expensive from the university’s viewpoint, And^ the cost 
to the university may be tho most impor t, n:-yt. economic criterion for compar-.son between 
courses . 

For the purposes of costing individual proposals however, each proposal 
is taken in isolation, assuming all other student numbers constant,^ The significance 
of the School accounting unit does not decline however, because it indicates the ex- 
pected degree of absorption of internal resources. 
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In costing each proposal, we also assume that an central expenses, such 
as central administrative, library and student facility expenditure, remain constant. 
I-c is. considered that the expansion of student numbers involved in a single propo- 
insufficient to incur any additional costs in these items* 



■ Accounti ng Units and Inventories of Spears Resources 

The analysis so far shows that where a proposal requires additional re- 
sources it is necessary, in order to calculate its cost, to: 

(i) define the accounting units to be used. We have used two 
, accounting units, the Univarsity and the School, The use 
of a third, the Course, is theoretical 11 y possible, but im— 

. practicable because of the difficulty . ? obtaining suffi- 
ciently detailed data, 

(ii) specify the source of the additional resources involved, 

whether they are to be found within or outside the accoun- 
ting units concerned. 

One implication of this analysis is that the various accounting units 

the University and the School — have inventories of spare resources. More precisely 
they have inventories of spare resource-hours . Thus a classroom being used for 
ten hours a week implies an excess capacity of twenty-two unused ream-hours per week, 
assuming the normal thirty-two hour week and perfect timetabling. In the unit- 
costing in Part 2, these unused room-hours were attributed to the users of the room 
in proportion to the hours which it was used by them. It follows, therefore, that 
if wc deal in resource— hours, the total cost of an accounting unit is composed of 
two elements s 

(i) engaged resouree-hoirs, 

(ii) unused resource-hours, 

where (i) comprises those resource-hours actually being used to produce university 
outputs * und (ii) comprises the remaining resource-hour a available/ which are not 
being used and thus may be considered open to the possibility, subject to certain 
constraints, of being absorbed in expansion by that or another accounting unit. 

The major constraint is the problem of drawing a line between the two 
categories (i) and (ii) above for a particular resource. The use of accommodation 
is the most clear-cut case, but even here there are practical difficulties in time- 
tabling a full thirty-two hour week. If a room is being used only ten hours a week, 
in practise it is unlikely that it can be timetabled for alternative uses for all 
the remaining twenty- two hours. On the other hand, it is possible, as shown in 
Part 4 } to extend the week above 32 hours if existing accommodation is fully stretched 
yet more room-hours are- required. The case of staff is more difficult because of 
the absence of any formal definition of duties or of any standard for the length of 
the working week, lJ 



13.4 




This concept of an invent; of spare resource-hours for each accounting 
unit is important, since those resource-hours may be used to expand output without 
increasing the cost of that accounting unit. That is, during expansion, resource- 
hours within the accounting unit are transferred from the "unused” to the "engaged" 
category. Consequently, the cost of unused resource-hours goes down and that of 
engaged resource-hours goes jap, while the overall total cost of the accounting unit 
remains unchanged . 

If the cost figures produced for an expansion proposal show that the 
incremental cost to the University accounting unit is of a similar order of magni- 
tude to that of the School accounting unit, then the implication is that most of 
the resources required are coming from outside the univ orsity , and that few, if any, 
economies from fuller utilisation of existing resources are being obtained. To 
maximise these economics we need to maximise the extent to which the University's 
incremental cost is lower than that of the School, subject to the constraints out- 
lined above. 



4 . "Full cost" vs. "Partcost" of Resources 

A problem with new units of resources required by an expansion proposal 
is that for part of the time they may be employed upon work not connected with the 
proposal in question. The most obvious case concerns academic staff, for although 
the justification for their original employment may bo to share the additional 
workload of a new or expanded undergraduate course, they are expected to do some 
personal research, and may also teach on postgraduate or other undergraduate courses. 
It is possible, therefore, to distinguish two sots of costs. The first (the "full- 
cost") attributes the whole cost of the resource to the proposal in question, on the 
basis that the resource would not otherwise have been employed. The second set of 
costs (the "part-cost") attributes to the proposal only that proportion of a resource 
which it is estimated will be devoted to the proposal in question . The balance has 
been ignored in the costing of the proposal. Because we are dealing with future 
costs, the estimates are necessarily approximate. 

Table 13.1 Distribution of Staff Time Between 

Undergraduate and Postgraduate Activities 



Grade of 
Staff 

•CD ; 


Undergraduate 

Activities 


Postgraduate 

Activities 


Total 


Average 

: Hours par week 
(2) 


1 


Average 
Hours per week 
(4) 


% 

(5) 


Average 
Hours per week 
(6) 


' % 
(7) 


Professor 


22 


47 


24 


53 


46 


100 


Reader 


15 


28” 


38 


72 


53 


100 


Senior Lecturer 


. .3.3' ' 


48 1 


14 


52 


27 


100 


Lecturer 


26 


57 


20 


43 


46 


100 


Overall Average 


23 


52 


21 


48 


44 


100 
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